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BACKGROUND OF TKZ Il^VZNTION 
The present invention is directed to improvements in 
methods and apparatus for decompression which ooerates to 
decompress and/or decode a plurality of differently encoded 
input signals. The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and :-i.2 5l. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality of 
adaptive decompression circuits and the like positioned as a 
reconf igurable pipeline processor. 

Video compression/decompression systems are generally 
well-known in the art. However, such .systems have generally 
been dedicated in design and use to a single comoression 
standard. They have also suffered from a number of other 
inefficiencies and inflexibility in overall system and 
subsystem design and data flow management . 

Examples of prior art systems and subsystems are 
enumerated as follows: 

One prior art system is described in United States 
Patent No. 5,21S,724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
four compute modules coupled in parallel. Each of the 
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compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
5 processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 
10 compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
'2 Region decoding time estimates are made to optimize 

compression thresholds. Region descriptive codes conveying 
^""^ the size and locations of the regions are grouped together in 

i;3 15 a first segment of a data stream. Region fill codes 

5;M conveying pixel amplitude indications for the regions are 

grouped together according to fill code type and placed in 
H other segments of the data stream. The data stream segments 

fa 

^2 individually variable length coded according to their 

fU 2 0 respective statistical distributions and formatted to form 

'••■'^ data frames. The number of bytes per frame is withered by 

the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 
25 avoiding unpredictable seek mode latency periods 
characteristic of compact discs. A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 
30 is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 



united States Patent No. 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
already coded at time t-l is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels) . Both the image store in the coder as well as the 
image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be amplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 
image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
data structure. 

United states Patent No. 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 
circuit, responsive to the codewords CW and T, parses the 
codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively. a 
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transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW and 
error detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data.. Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 

United States Patent No. 5,146,325 discloses a video 
decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 
transmission. The odd' and even fields are independently 
decompressed. During intervals when valid decompressed 
odd/even field data is not available, even/odd field data is 
substituted for the. unavailable odd/even field data. 
Independently decompressing. the even and odd fields of data 
and substituting the opposite field of data for unavailable 
data may be used to advantage to reduce image display latency 
during system start-up and channel changes. 

United States Patent No. 5,168,356 discloses a video 
signal encoding system that includes apparatus for segmenting 
encoded video data into transport blocks for signal 
transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 
transmitted data. The re-entry points are maximized by 
providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 



one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transfom 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, - the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United Statfes Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 
organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 
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line is divided into 768 channels spaced about 3 . 9Hz apa^^ 
Each Channel consists of two carrier waves in quadrature 
each Channel can carry two pixels. some channels 'are 
reserved for special calibration signals enabling the 
receiver to detect both the phase and magnitude of the 
received signal. if the sensor and pixels are connected 
directly to a banX of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An FFT algorithm 
in.plements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
and then acquires subsequent frames every frame period. The 
frame period is relatively low compared with the sampling 
period so the receiver is unli3cely to lose frame synchrony 
^ once the first frame is detected. An experimental video 

,U telephone transmitted 4 frames per second, applied quadrature 

L ''"'^^"^ ^° P^^^^ 1°9^^P i^-^ges and obtained an effective 

□ '^^^^ transfer rate in excess of 40,000 bits per second 

H united states Patent No. 5,185,819 discloses a vid^o 

compression system having odd and even fields of video signal 
that are independently compressed in sequences of intraf rame 
and mterframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted. 

united states Patent No. 5,212,742 discloses an 
apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 
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parallel. Each of the compute modules has a processor, dual 
port memory, scratch-pad memory, and an arbitration 
mechanism. A first bus couples the compute modules and host 
processor. Lastly, the device comprises a shared memory 
which is coupled to the host processor and to the compute 
modules with a second bus. The method handles assigning 
portions of the image for each of the processors to operate 
upon. 

United States Patent No. 5,231,484 discloses a system 
and method for implementing an encoder suitable for use with 
the proposed ISO/IEC MPEG standards. Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
video sequences, allocate bits to the pictures in a sequence, 
and adaptively quantize transform coefficients in different 
regions of a picture in a video sequence so as to provide 
optimal visual quality given the number of bits allocated to 
that picture. 

United States Patent No. 5,267,334 discloses a method of 
removing frame redundancy in a computer system for a sequence 
of moving images. The method comprises detecting a first 
scene change in the sequence of moving images and generating 
a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
embodiment, as a "forward-facing" keyframe or intraframe, and 
it is normally present in CCITT compressed video data.. The 
process then comprises generating at least one intermediate 
compressed frame', the at least one intermediate compressed 
frame containing difference information from the first image 
for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe. The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
intermediate compressed frames are linked in reverse for 
reverse play. The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 
generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 
vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/ or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 
high-resolution image data from an ongoing input series of 
successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g., 30 frames per second) , 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 
frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,646 discloses a method 
and apparatus for enabling a real-time video encoding system 
to accurately deliver the desired number of bits per frame, 
while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 



including a plurality of blocks. The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
number of bits required to describe the data will vary 
significantly. At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 
the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
data bits for a plurality of sectors, for example describing 
an image. Various methods are described for updating the 
quantization step size and determining desired bit 
allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 
for Digital Image Processing , Wescon Technical Papers: No. 
2 Oct. /Nov, 1984, discloses a real-time signal processing 
system specifically designed for image processing. More 
particularly, a token based data-flow architecture is 
disclosed wherein the tokens are of a fixed one word width 
having a fixed width address field. The system contains a 
plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 
and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 
what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the KN matches the MN of the 
particular stage, then the appropriate operations are 
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performed upon the data. If unrecognized, the token is 
directed to an output data bus • 

The article, Kimori, S. et al . An Elastic Pipeline 
Mechanism bv Self-Timed Circuits . IEEE J. of Solid-state 
5 Circuits, Vol. 23, No. 1, February 1988, discloses an elastic 
pipeline having self -timed circuits. The asynchronous 
pipeline comprises a plurality of pipeline stages. Each of 
the pipeline stages consists of a group of input data latches 
followed by a combinatorial logic circuit that carries out 

10 logic operations specific to the pipeline stages. The data 
latches are simultaneously supplied with a triggering signal 
generated by a data-transfer control circuit associated with 
that stage. The data-transfer control circuits are 

interconnected to form a chain through which send and 

15 acknowledge signal lines control a hand-shake mode of data 
transfer between the successive pipeline stages. 
Furthermore, a decoder is generally provided in each stage to 
select operations to be done on the operands in the present 
stage. It is also possible to locate the decoder in the 

20 preceding stage in order to pre-decode complex decoding 
processing and to alleviate critical path problems in the 
logic circuit. The elastic nature of the pipeline eliminates 
any centralized control since all the interworkings between 
the submodules are determined by a completely localized 

25 decision and, in addition, each submodule can autonomously 
perform data buffering and self-timed data-transfer control 
at the same time% Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the occupied 
stages in order to ensure reliable data transfer between the 

3 0 stages. 

United States Patent No. 5,278,646 discloses an improved 
technique for decoding wherein the number of coefficients to 
be included in each sub-block is selectable, and a code 
indicating the number of coefficients within each layer is 



inserted in • the bitstream at the beginning of each encoded 
video sequence. This technique allows the original runs of 
zero coefficients in the highest resolution layer to remain 
intact by forming a sub-block for each scale from a selected 
number of coefficients along a continuous scan. These sub- 
blocks may be decoded in a standard fashion, with an inverse 
discrete cosine transform applied to square sub-blocks 
obtained by the appropriate zero padding of and/or discarding 
of excess coefficients from each of the scales. This 
technique further improves decoding efficiency by allowing an 
implicit end of block signal to separate blocks, making it 
unnecessary to decode an explicit end of block signal in most 
cases. 

United States Patent No. 4,903,018 discloses a process 
and data processing system for compressing and expanding 
structurally associated multiple data sequences. The process 
is particular to data sets in which an analysis is made of 
the structure in order to identify a characteristic common to 
a predetermined number of successive data elements of a data 
sequence. In place of data elements, a code is used which is 
again decoded during expansion. The ccbmmon characteristic is 
obtained by analyzing data elements which have the same order 
nxamber in a number of data sequences. During expansion, the 
data elements obtained by decoding the code are ordered in 
data series on the basis of the order number of these data 
series on the basis of the order number of these data 
elements. The 'data processing system for performing the 
processes includes a storage matrix (26) and an index storage 
(28) having line addresses of the storage matrix (26) in an 
assorted line sequence. 

United States Patent No. 4,334,246 discloses a circuit 
and method for decompressing video subsequent to its prior 
compression for transmission or storage. The circuit assumes 
that the original video generated by a raster input scanner 
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was operated on by a two line one shot predictor, coded using 
run length encoding into code words of four, eight or twelve 
bits and packed into sixteen bit data words. This described 
decompressor, then, unpacks the data by joining together the 
5 sixteen bit data words and then separately the individual 
code words, converts the code words into a number of all zero 
four bit nibbl es and a terminating nibble containing one or 
more one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 

10 video bits of the present line to produce depredictor 
bits and compares the decoded data and depredictor bits to 
produce the final actual video. 

United States Patent No. 5,060,242 discloses an image 
signal processing system DPCM encodes the signal, then 

15 Huffman and run length encodes the signal to produce variable 
length code words, which are then tightly packed without gaps 
for efficient transmission without loss of any data. The 
tightly packed apparatus has a barrel shifter with its shift 
modulus controlled by an accumulator receiving code word 

20 length information. An OR gate is connected to the shifter, 
while a register is connected to the gate. Apparatus for 
processing a tightly packed and decorrelated digital signal 
has a barrel shifter and accumulator for unpacking, a Huffman 
• and run length decoder, and an inverse DCPM decoder. 

25 United States Patent No. 5,168,375 discloses a method 

for processing a field of image data samples to provide for 
one or more of the functions of decimation, interpolation, 
and sharpening is accomplished by use of an array transform 
processor such as that employed in a JPEG compression system. 

3 0 Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 



transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United States Patent No. 5,231,486 discloses a high 
definition video system processes a bitstream including high 
and low priority variable length coded Data words. The coded 
Data is separated into packed High Priority Data and packed 
Low Priority Data by means of respective data packing units. 
The coded Data is continuously applied to both packing units. 
High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 
via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No. 5,287,178 discloses a video 
signal encoding system includes a signal processor for 
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segmenting encoded video data into transport blocks having a 
header section and a packed data section. The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
inverse quantizer is used in the standard way to decode 
differential predictive coding method (DPCM) encoded data.] 

United States Patent No. 5,136,371 to Savatier et al. is 
directed to a de-quantizer having an adjustable quantiza- 
tional level which is variable and determined by the fullness 
of the buffer. The applicants state that the novel aspect of 
their invention is the maximum available data rate that is 
achieved. Buffer overflow and underflow is avoided by 
adapting the quantization step size the quantizer 152 and the 
de-quantizer 156 by means of a quantizational level which is 
recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 
of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,142,380 to Sakagami et al. 
discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 
and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 



15 

United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals in 
real time in conjunction with the CCITT standard H.261. a 
digital signal processor carries out direct quantization and 
5 reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 32 is 
10 periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit. The change in 
quantization parameters for coding the next group of pictures 
'=-J is determined by a deviation measure between the actual 

,*7 number of code bits generated by the coding circuits for the 

£3 15 previous group of pictures in an estimate number of code bits 

for the previous group of pictures. The number of code bits 

I y 

generated by the coding circuit is controlled by controlling 
l^f the quantizer step sizes. In general smaller quantizer step 

sizes result in more code bits in larger quantizer step sizes 
fy 2 0 result in fewer code bits. 

United States Patent No. 5,113,255 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi ; 5,260,782 
to Hui; and 5,212,742 to Normile et al are included for 
background and as a general description of the art, 
25 Accordingly, those concerned with the design, 

development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 
30 invention clearly fulfills all these needs. 



SUMMAI^Y OP THE INVENTION 

Briefly, and in general terms, the present invention 
provides an input, an output and a plurality of processing 
stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 
the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the processing 
stages in the pipeline are afforded enhanced flexibility in 
configuration and processing. 

Each of the processing stages in the pipeline may 
include both primary and secondary storage, and the stages in 
the pipeline are reconf igurable in response to recognition of 
selected tokens. The tokens in the pipeline are dynamically 
adaptive and may be position dependent upon the processing 
stages for performance of functions or position independent 
of the processing stages for performance of functions. 

In a pipeline machine, in accordance with the invention, 
the tokens may be altered by interfacing with the stages, and 
the tokens may interact with all of the processing stages in 
the pipeline or only with some but less than all of said 
processing stages. The tokens in the pipeline may interact 
with adjacent processing stages or with non-adjacent 
processing stages, and the tokens may reconfigure the 
processing stages. Such tokens may be position dependent for 
some functions and position independent for other functions 
in' the pipeline. 

The tokens , in combination with the reconf igurable 
processing stages , provide a basic building block for the 
pipeline system. The interaction of the tokens with a 
processing stage in the pipeline may be conditioned by the 
previous processing history of that processing stage. The 
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tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage may be 
determined by such address fields. 
5 In an improved pipeline machine, in accordance with the 

invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 
10 and may also be Huffman coded. 

In the. improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 
15 identified as DATA tokens and provide data to the processing 
stages in the pipeline, while other tokens are identified as 
control tokens and only condition the processing stages in 
the pipeline, such conditioning including reconfiguring of 
]2 processing stages. Still other tokens may provide both 

20 data and conditioning to the processing stages in the 
jU pipeline. Some of said tokens may identify coding standards 

1^ to the processing stages in the pipeline, whereas other 

tokens may operate independent of any coding standard among 
the processing stages. The tokens may be capable of 
25 successive alteration by the processing stages in the 
pipeline . 

In accordance with the invention, the interactive 
flexibility of the tokens " in cooperation with the processing 
stages facilitates greater functional diversity of the 

30 processing stages for resident structure in the pipeline, and 
the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage' in the 
pipeline- Such pipeline tokens may be either hardware based 

35 or software based. Hence, the tokens facilitate more 
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efficient uses of system bandwidth in the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline. 
5 The invention may include a pipeline processing machine 

for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 
10 employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start code detector 
responsive to the single serial bit stream for generating 
control tokens and DATA tokens for application to the two- 
wire interface, a token decode circuit positioned in certain 
15 of the stages for recognizing certain of the tokens as 
control tokens pertinent to that stage and for passing 
unrecognized control tokens along the pipeline, and a 
reconf igurable decode and parser processing means responsive 
to a recognized control token for reconfiguring a particular 
20 stage to handle an identified DATA token. 
|1J The pipeline machine may also include first and second 

registers, the first register being positioned as an input of 
the decode and parser means, with the second register 
positioned as an output of the decode and parser means. One 
25 of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 
30 tokens pertinent to the spatial decoder and for configuring 
the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 
35 second token decode means positioned in the temporal decoder 
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for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for termporally decoding the DATA tokens 
5 following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks, and address 
10 means may be provided for storing and retrieving such data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
address means reorders said blocks as picture data for 
display. The data blocks stored and retrieved may be greater 
15 and/or smaller than 8x8 pel data blocks. Circuit means may 
also be provided for either displaying the output of the 
m temporal decoder or writing the output back into a picture 

^'^ memory location. The decoded format may be either a still 

picture format or a moving picture format, 
O 20 The processing stage may also include, in accordance 

|:£| with the invention, a token decoder for decoding the address 

p of a token and an action identifier responsive to the token 

decoder to implement configuration of the processing stage. 
The processing stages reside in a pipeline processing machine 
25 having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 
3 0 to that stage and for passing unrecognized control tokens 
along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 
35 token decode circuit is connected to the two-wire interface 
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through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention, one of the stages is 
a Start Code Detector for receiving the input and being 
adapted to generate and/or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
searches for and detects start codes and produces tokens in 
response thereto, and is capable of detecting overlapping 
start codes, whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

The Start Code Detector stage is adapted to search an 
input data stream in a search mode for a selected start code. 
The detector searches for breaks in the data stream, and the 
search may be made of data from an external data source. The 
Start Code Detector stage may produce a STkRT CODE token, a 
PICTURE_STAJIT token, a SLICE_START token, a PICTURE_END 
token, a SEQUENCE_START token, a SEQUENCE^END token, and /or 
a GROUP_START token. The Start Code Detector stage may also 
perform a padding function by adding bits to the last word of 
a token. 

The Start Code Detector may provide, in a machine for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 
separately encoded pairs of start codes and data carried in 
the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
t)its from the bit stream, the first register storing a value, 
the second register and a first decode means identifying a 
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start code associated with the value contained in said first 



predetermined end of the third register, and a second decode 
means is arranged for accepting data from the third register 
in parallel. 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 
associated with the start code. A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 
organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 
input data stream. Further in accordance with the invention, 
the system may be a pipeline system and the Start Code 
Detector may be positioned as the first processing stage in 
the pipeline. 

The present invention also provides, in a digital 
picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG, MPEG, 
and/or H.261, or any other standards and any combination of 
such picture standards, without departing in any way from the 
spirit and scope of the invention. In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
stored programs for each of a plurality of different picture 
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Circuit means shift the latter value to a 



compression/decompression standards, such programs being 
selectable by an interfacing adaptation unit in the forn of 
a token, so that processing for a plurality of picture 
standards is facilitated. A multi-standard system in 
accordance with the invention, may utilize tokens for its 
operation regardless of the selected picture standard, and 
the tokens may be utilized as a generic communication 
protocol in the system for all of the various picture 
standards. The system may be further characterized by a 
multi-standard token for mapping differently encoded data 
streams arranged on a single serial stream of data onto a 
single decoder using a mixture of standard dependent and 
standard independent hardware and control tokens. The system 
may also include an address generation means for arranging 
macroblocks of data associated with different picture 
standards into a common addressing scheme. 

The present invention also provides, in a system having 
a plurality of processing stages, a universal adaptation unit 
in the form of an interactive interfacing token for control 
and/or data functions among the processing stages, the token 
being a PICTURE_STAI^T code token for indicating that the 
start of a picture will follow in the subsequent DATA token. 

The token may also be a PICTUHE_END token for indicating 
the end of an individual picture. 

The token may also be a FLUSH token for clearing buffers 
and resetting, the system as it proceeds down the system from 
the input to the output. In accordance with the invention, 
the FLUSH token , may variably reset the stages as the token 
proceeds down the pipeline. 

The token may also be a CODING^STANDARD token for 
conditioning the system for processing in a selected one of 
a plurality of picture compression/decompression standards. 

The CODING_STANDARD token may designate the ^picture 
standard as JPEG, and/or any other appropriate picture 
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standard. At least some of the processing stages reconfigure 
in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
Huffman decoder and parser and, upon receipt of a 
CoblNG_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
CODING_STANDARD control token. A reset address may also be 
selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser . 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 
instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not. 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

The present invention also provides a system for 
decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of- varying data size can be 
controlled . 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

As previously indicated, the system may further include 
a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards . 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created. 

5 The system may also include a decoding stage and a 

parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating whether the 
arriving data is inverted or not. The tables may be arranged 
10 within a memory for enabling multiple use of the tables where 
appropriate. 

The present invention also provides a pipeline system 
having an input data stream , and a processing stage for 
receiving the input data stream, the stage including means 

15 for recognizing specified bit stream patterns, whereby said 
stage facilitates random access and error recovery. In 
accordance with the invention, the processing stage may be a 
start code detector and the bit stream patterns may include 
start codes. Hence, the invention provides a search-mode 

20 means for searching differently encoded data streams arranged 
as a single serial stream of data for allowing random access 
and enhanced error recovery. 

The present invention also provides a pipeline machine 
having means for performing a stop-after-picture operation 

25 for achieving a clear end to picture data decoding, for 
indicating the end of a picture, and for clearing the 
pipeline, wherein such means generates a combination of a 
PICTURE_END tokan and a FLUSH token. 

The present invention also provides, in a pipeline 

30 machine, a fixed size, fixed width buffer and means for 
padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector. 

Padding may be performed only on the last word of a 
35 token and padding insures uniformity of word size. In 



accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
decoder sufficent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token. 

The inverse modeller means blocks tokens which lack the 
specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 
and decoding the run length codes. A padder circuit in 
communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordarice with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 
first type tokens having a first predetermined width, and at 
least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 

Format B - ERRRRRRLLLLLLLLLLL 

Format C - EOOOOOOLLLLLLLLLLL 
where E=extention bit; F=specifics format; R=run bit; 
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L=length bit or non-data token; x="don't care" bit, splitting 
format A tokens into a format Oa token having a form of 
ELLLLLLLLLLL , splitting format B tokens into a format 1 token 
5 having the form of FRRRRIU^OOOOO and a format Oa data token, 
splitting format C tokens into a format 0 token having the 
form of FLLLLLLLLLLL, and packing format 0, format Oa and 
format 1 tokens into a buffer, having a second predetermined 
width. 

10 The invention also provides an apparatus for providing 

a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
rS wherein words of data containing compressed pictures are 

"'"-i counted by a counter circuit and a microprocessor, in 

1^ 15 communication with the counter circuit and adapted to receive 

i;3 start-up information consistent with the standard of video 

decompression, communicates the start-up information to the 
counter circuit. 

j;^ An inverse modeller circuit, for accepting the words of 

\2 20 data and capable of delaying the words of data, is in 

ly communication with a control circuit intermediate the counter 

n 

circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 

25 signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. . 

The present invention also provides in a pipeline system 

30 having an inverse modeller stage and an inverse discrete 
cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 



In accordance with the invention, the token may be a 
QUANT_TABLE token for causing the processing stage to 
generate a quantization table. 

The present invention also provides a Huffman decoder 
for decoding data words encoded according to the Huffman 
coding provisions of either H,261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 
and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, means for converting the data words to JPEG Huffman 
coded data words, if necessary, in response to reading the 
identifier that identifies the Huffman coded data words as 
H.261 or MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, and means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit. JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output -that 
is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman -coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 
identifies the Huffman code standard under which the data 
words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary, in response to reading the 
identifier that identifies the Huffman coded data words as 



H,261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
nmaber, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
Figures. 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

3a(l), 3a(2), - 3 ^ 1) and lh(?) illuct ra t^--fe^^ c^i nteoi> 
of data transfer between^^stajgjes-<rf--a"^ef e embodiment of 

a pipelin^^^-ursirng a two-wire interface and a multi-phase 

Figure, 4 . is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 
15 transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 

2 0 used in the pipeline stage as shown in Figure. 4; 

Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 
25 stage activation data words; 

Figures, 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 

3 0 timing diagram that shows the two-phase clock, the two-wire 

transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b. 

Figure lO is a block diagram of a reconf igurable processing 
3 5 stage; 
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Figure 11 is a block diagram of a spatial decoders- 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter; 
5 Figures 14a-c show- various arrangements of memory blocks used 
in the present invention: 

Figure 14a is a memory map showing a first 

arrangement of macroblocks; 

Figure 14b is a memory map showing a second 
10 arrangement of macroblocks; 

Figure 14c is a memory map showing a further 

arrangement of macroblocks; 
Figure 15 shows a Venn diagram of possible table selection 
values; 

15 Figure 16 shows the variable length of picture data used in 
the present inventions- 
Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 
20 filtering process; 

Ficpure 19 shows a generalized representation of the 
macroblock structure ; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector; 

25 Figure 21 illustrates examples of start codes in a data 
stream; 

Figure 22 is a block diagram depicting the relationship 
between the flag generator, decode index, header 
generator, extra word generator and output latches; 
30 Figure 23 is a block diagram of the Spatial Decoder DRAM 
interface ; 

Figure 24 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 
35 Figure 26 is a pictorial diagram illustrating prediction data 



offset by (1,1); 

•Figure 27 is a block diagram illustrating the Huffman decoder 

and parser state machine of the Spatial Decoder. 

Figure 28 is a block diagram illustrating the prediction 

filter. 
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Figure 2 9 

Figure 3 0 
5 Figure 31 

Figure 32 

Figure 33 

Figure 34 

Figure 3 5 
10 8 bits; 

Figure 36 

Figure 37 

Figure 3 8 

interfaces ; 
15 Figure 39 

Figure 4 0 

Figure 41 

Figure 4 2 

Figure 43 
20 Figure 44 

transfers ; 

Figure 4 5 

Figure 4 6 

Figure 47 
25 Figure 48 

deep DRAMS (9 bit 

Figure 49 

signal ; 

Figure 50 
3 0 strobe signals ; 

Figure 51 

a strobe ; 

Figure 52 

a strobe; 
35 Figure 53 

Figure 54 

Figure 55 

the memory map; 

Figure 56 
40 Figure 57 

Figure 58 

Figure 59 

circuit ; 

Figure 60 
45 Figure 61 

Figure 62 

to Tokens; 

Figure 63 

Tokens ; 
50 Figure 64 

aligned) ; 

Figure 65 
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FIGURES 

shows a typical decoder system; 

shows a JPEG still picture decoder; 

shows a JPEG video decoder; 

shows a multi-standard video decoder; 

shows the start and the end of a token; 

shows a token address and data fields ; 

shows a token on an interface wider than 

shows a macroblock structure; 

shows a two-wire interface protocol; 

shows the location of external two- wire 

shows clock propagation; 

shows two-wire interface timing; 

shows examples of access structure; 

shows a read transfer cycle; 

shows an access start timing; 

shows an example access with two write 

shows a read transfer cycle ; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 3 2 bit data bus and a 2 56 kbit 
row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MPI read timing; 

shows an MPI write timing; 

shows organization of large integers in 

shows a typical decoder clock regime; 

shows input clock requirements; 

shows the Spatial Decoder; 

shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector* passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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byte aligned) ; 
Figure 66 shows 
sequences ; 

Figure 67 shows 
insertions- 
Figure 68 shows 
Figure 69 shows 
output ; 

Figure 70 shows 
Figure 71 shows 
Figure 72 shows 
Figure 7 3 shows 
Figure 74 shows 
macroblock; 
Figure 7 5 
from pel ones; 
Figure 7 6 shows 
Figure 77 shows 
quantization ; 
Figxire 78 shows 
quantizations- 
Figure 7 9 shows 
quantization; 
Figure 80 shows 
Fig\ire 81 shows 
sequential structure; 
Figure 8 2 shows 



jumping between two video 

a sequence • of extra Token 

decoder start-up control; 
enabled streams queued before the 

a spatial decoder buffer; 
a buffer pointer; 
a video demux; 

a construction of a picture; 

a construction of a 4:2:2 

shows a calculating macroblock dimension 



Ficrure 8 3 
Figure 84 
Figure 85 
Figure 86 
output ; 
Figure 87 
and output ; 
Figure 88 
output ; 
Figure 89 
Figure 90 
Figure 91 
Figure 92 
Fig\ire 93 
Figure 94 
blocks ; 
Figure 95 
Figure 96 
macroblocks , 
Figure 97 
Figure 98 
Figure 99 
blocks ; 
Figure lOO 
Figure 101 



shows 
shows 
shows 
shows 

shows 

shows 

shows 
shows 
shows 
shows 
shows 
shows 

shows 
shows 

shows 
shows 
shows 

shows 
shows 



spatial decoding; 
an overview of H.2 61 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 
a temporal decoder; 
a picture buffer specification; 
an MPEG picture sequence (m=3) ; 
how "I" pictures are stored and 

how "P" pictures are formed, stored 

how "B" pictures are formed and 

P picture formation; 

H,261 prediction formation;. 

an H,261 "sequence"; 

a hierarchy of H.261 syntax; 

an H.261 picture layer; 

an H.2 61 arrangement of groups of 

an H.261 "slice" layer; 

an H.2 61 arrangement of 

an H.2 61 sequence of blocks; 

an H.261 macroblock layer; 

an H.261 arrangement of pels in 

a hierarchy of MPEG syntax; 
an MPEG sequence layer; 
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shows an MPEG group of pictures layer; 
shows an MPEG picture layers- 
shows an MPEG "slice" layers- 
shows an MPEG sequence of blocks; 
shows an MPEG macroblock layer; 
shows an "open GOP" ; 

shows examples of access structure; 
shows access start timing; 
shows a fast page read cycle; 
shows a fast page write cycle; 
shows a refresh cycle; 

shows extracting row and column address 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows a Huffman decoder and parser; 
shows an H.261 and an MPEG AC Coefficient 



Figure 102 
Figure 103 
Figure 104 
Figure 105 
Figure 106 
Figure 107 
Figure 108 
Figure 109 
Figure 110 
Figure 111 
Figure 112 
Figure 113 

from a chip address ; 
Figure 114 
signal ; 
Figure 115 
strobe signals; 
Figure 116 
a strobe; 
Figure 117 
a strobe ; 
Figure 118 
Figure 119 
Decoding Flow Chart; 

Figure 12 0 shows a block diagram for JPEG (AC and 

DC) coefficient decoding; 

•Figure 121 shows a flow diagram for JPEG (AC and DC) 

coefficient decoding; 



Figure 122 
Formatter; 
Figure 123 
Figure 124 
Decoding; 
Figure 125 
Figure 12 6 
ALU; 

Figure 127 
Figure 128 
Figure 12 9 
Figure 130 
Figure 131 
Figure 132 
Figure 133 
Figure 134 
Figure 135 
Figure 136 
Figure 137 
Figure 138 
Figure 139 
Figure 140 



shows an interface to the Huffman Token 

shows a token fonnatter block diagram; 
shows an H,261 and an MPEG AC Coefficient 

shows the interface to the Huffman ALU; 
shows the basic structure of the Huffman 



shows the buffer manager; 
shows an imodel and hsppk block diagram; 
shows an imex state diagram; 
illustrates the buffer start-up; 
shows a DRAM interface; 
shows a write swing buffer; 
shows an arithmetic block; 
shows an iq block diagram; 
shows an iqca state machine; 
shows an IDCT 1-D Transform Algorithm; 
shows an IDCT 1-D Transform Architecture; 
shows a token stream block diagram; 
shows a standard block structure; 
is a block diagram showing; 
microprocessor test access; 

Figure 141 shows 1-D Transform Micro-Architecture; 
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Figure 142 
Figure 14 3 
interface stage; 
Figure 144 
diagram; 
Figure 145 
Figure 14 6 
Figure 147 
Figure 148 
Figure 149 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 



shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filter; 
shows the l-D prediction filter; 
shows a block of pixels; 
shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction example; 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 
diagram with timing references; 
Figure 156 shows the 

presentation numbers; 

Figure 157 shows the buffer manager state machine 

(complete) ; 

Figure 158 shows the state machine main loop; 

Figure 159 shows the buffer 0 containing an SIF (22 

by 18 macroblocks) picture; 

Figure 160 shows the SIF component 0 with a display 

window; 

Figure 161 shows an example picture format showing 

storage block address; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; 



control for incrementing 



Figure 163 
Figure 164 
machine; 
Figure 165 
Figure 166 
datapath; 
Figure 167 
Figure 168 
and 

Figure 169 
converter • 



shows an example address calculation; 
shows a write address generation state 



shows a slice of the datapath; 
shows a two cycle operation 



of the 



shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 



In the ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 

GLOSSARY 

BLOCK: An 8-row by 8-column matrix of pels, or 64 DCT 
coefficients (source, quantized or dequantized) , 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Cr and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form. 

CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded. This order is not necessarily the same as the 
display order. 

COMPONENT: A matrix, block or single pel from one of the 
three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 

DECODER: An embodiment of a decoding process. 
DECODING (PROCESS): The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 
displayed. Typically, this is the same order in which they 
were presented at the input of the encoder. 

ENCODING (PROCESS): A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
this specification. 
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INTRA CODING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture. 
LUMINANCE (COMPONENT): A matrix, block or single pel 
5 representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream. The symbol used for luminance is Y, 
MACROBLOCK: The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 
10 or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture* Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 
15 elements defined in the macroblock header of the syntax 
'ij defined in this part of this specification. To one of 

m ordinary skill in the art, the usage is clear from the 

context . 

j-^ MOTION COMPENSATION: The use of motion vectors to improve the 

M 2 0 efficiency of the prediction of pel values. The prediction 

uses motion vectors to provide offsets into the past and/ or 
^ future reference pictures containing previously decoded pel 

values that are used to form the prediction error signal. 

MOTION VECTOR: A two-dimensional vector used for motion 
25 compensation that provides an offset from the coordinate 

position in the current picture to the coordinates in a 

reference picture. 

NON-INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 
3 0 pictures occurring at other times. 
PEL: Picture element. 

PICTURE: Source, coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
matrices of 8-bit numbers representing the luminance and two 
35 chrominance signals. For progressive video, a picture is 



identical to a frame, while for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context. 

PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded, 
RECONFIGURABLE PROCESS STAGE (RPS ) : A stage , which in 
response to a recognized token, reconfigures itself to 
perform various operations. 
SLICE: A series of macroblocks. 

TOREK: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/ or 
data functions. 

START CODES [SYSTEM AND VIDEO]: 32-bit codes embedded in a 
coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 
coding syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure for 
coding that assigns shorter code-words to frequent events and 
longer code-words to less frequent events. 
VIDEO SEQUENCE: A series of one or more pictures. 
Detailed Descriptions 



DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 
As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
embodiments of the invention, Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline, (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig 1 . ) • 

Referring now to the drawings, wherein like reference 
nximerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
practice of the present invention. Each row of boxes 
illustrates a cycle and each of the different stages are 
labelled A-F, respectively. Each shaded box indicates that 
the corresponding stage holds valid data, i.e., data that is 
to be processed in one of the pipeline stages. After 
processing (which may involve nothing more than a simple 
transfer without manipulation of the data) valid data is 
transferred out of the pipeline as valid output data. 

Note that an actual pipeline application may include more 
or fewer than six pipeline stages. As will be appreciated, 
the present invention may be used with any number of pipeline 
stages. Furthermore, data may be processed in more than one 
stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 
"VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 
the nearest neighboring device. This device may be another 
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p.p.U„, st„. or so»e c.he. system. Tor =«„ple. .he las^ 
P.p.Une „a„ „ay pass i„ =„ s„.s,,ue« prccess"," 

= lrcu.»,. T.. ACCEPT si,„al, Ulustr.red " L 

lower ==n„e=ti„, n.i,nbor.„, stages passes 

xn the other direction upstream to a precedxh, device 

data Pipeline system of the type used in the practice of 
the present invention has, in preferred embodiments, one - 
more of the foUowin, characteristics: 

1- The pipeline is "elastic" such that a delay at a 
particular pipeline st.,e causes the minimum disturbance 
possible to other pipeline st„es. Succeedin, p.p.^," 
stages are allowed to continue processing and, Iherefo e 
this .eans that gaps open up in the strean, of data 
following the delayed stage. similarly, preceding 
Pipeline stages may also continue where possible xn tMs 
0"e, any gaps in the data strean may, wherever possible 
be renoved from the stream of data. 

2- control signals that arbitrate the pipeUne a-e 
organized so that they only propagate to the neare"- 
ne.ghborin, pipeli„a stages. l„ the case of s gna s^ 
no-.„g i„ „e same direction as the data flow, th!s Is 
-he mediately succeeding stage. . m the case of signa s 
owng .n the opposite direction to the data flow.'th s 
IS the immediately preceding stage. 

^- The data in the pipeline Is encoded such that m.„v 
different types of data are processed in the Tip U e 
T IS encoding accommodates data packets of variaore . 
and the size of the pacKet need not be Known in advance 
«^ The overhead associated with describing the type c- 
oata IS as s,-all as possible. 

Pipeline stage to recoon,.-. 
on .he ...„i.,„„ .^^.^^^ ^^^^ 

-"= pas , "ill 
-= pass al. data types onto the succeeding stage 
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though It do„ not r«o,ni2e then. This en,bl„ 
c=.™u„.=„i=„ .„..en no„-.=,3ac.„t pipeline st.,es 

either:::::: :z:7:j:.:r,,:^,:T7 - 
th„ iea. .nriTt";/. r:; 

AS is explained and illustrated in ,„.t.r detail beL da-a 
iS transferred into, out o., and between the stages o/ h^ 
pipeline over the data lines. 

Note that the first pipeline stage may receive d.f, 
ccntrol signals fro„ an. forn of preceding device o" 
exanple, reception circuitry of a digital i.age trans'iss;!; 
systen, another pipeline, or the li.e. on the other hind 
-y generate itself, all or part of the data to be processed" 
ih t„e Pipeline. indeed, as is explained below a rst" ' 
1= may contain arbitrary processing circuitry in=, h 

all (for .in„i. '=-"^=''ltry. including none at 

, e^-m;..: :r:r -ri:' or".:.n" — 

rU 20 When a pipeline stage contains vaUd data tha^ 

transferred down the ninoi- ^° 

'"^ Pipeline, the VALID signal whi^K 

indicates data validity, need not .e transferred further than 

the immediately subsequent pipeline stage a tJo 
interface is i-k«-«* ^^'-^ige. a two-wire 

- Pipeline stages Tn tne"' ^"^^ - 

interface between a pre. I ' 
between a subsegue t d r.'n t"/" '^"^ — 

devices are included and dVt 

then and the pipeirn. " " transferred between 

'O^'ZJ^ -i^nals. ACCZPT and VALID, has a hich and a 

-0» ,alue. These values are abbreviated as and "L" 

n 0!!=-"°'''' ""^ 'PPlications of the pipeli.ne ' 

igi^al inplementations, the HIGH value may, 
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ex.„pl,, 5. a logical I ■• and tn. Low valu. „ay b. a logical 
Th. syst.m is not: restricted to digital 
.^plenentation. nowev.r, and in analog implementations, tn. 
HIOH value may be a voltage or other si.xl.r quantity above 
(or below, a set threshold, with the Low value being 
indicated by the corresponding signal being below ,or above' 
the sa». or some other threshold, ror digital applications 
the present invention may be implemented using any Known 
technology, such as CMOS, bipolar etc. 

It .s not necessary to use a distinct storage device and 
-•ires to provide for storage of VALID signals. This is true 
even in a digital embodiment. AU that is required is that 
the indication of ..validity of the data be stored along wUh 
the data. By way of example only, in digital television ■ 
P ctures that are represented by digital values, as specified 
in the international standard CCIR 601, certain so.ci-ic 
values are not allowed. m this syst.m, eight-bit ' bini-y 
numbers are used to represent samples of the picture an ^ 
values zero and 255 may not be used. 

in th/"" ' " ^' in • Pipeline built 

in the practice of the present invention, then on. of these 
values ,.ero, for example, could be used to indicate that. 
d..a in a specific stage in the pipeline is not valid 
Accordingly, any non-zero data would be deemed to be val.d' 
in this exampl., there is no specific latch that can be 
identified and said to be storing the ..validness'. of the 
associated data. Nonetheless, the validity of the data Is 
Stored along with the data. 

AS Shown in Fig. i, the state of the VALID signal into 
each stage xs indicated as an "H" or an "L" on an uppe- 
rign-.-poxnted arrow. Therefore, the VALID signal from Staoo 
^. into stage B is LOW, and the VALID signal from Stage D C-' - 
Stage E .s HIGH. The state of the ACCEPT s.gnal into e-^- 
"age is indicated as an "H" or an "L" on a lower, 1--- 
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pointing arrow. Hence, the ACCEPT s.gnal from stage E xn^o 

Stage D is HIGH, whereas the ACCEPT sian,i . 

M(>(_tfr Signal from the device 

connected downstream of the nir.«ii«» • aevice 

" pipeline into Stage F is LOW 

Data is transferred from one staae to \.r.r.^^ 
, s>t.age to another durina a 

cycle (explained .elow) whenever the ACCEPT signal o Ihe 
downstream stage into its upstream neighbor is HIGH. if the 
ACCEPT signal is LOW between two stages, then data is not 
transferred between these stages. 



Referring again to Fio i i f » w 

" rig. 1, if a shaded. 



the 



— — x» snaaea th 

corresponding pipeline s«,e is assumed, by uay of e«an,ple 
.0 contain valid output data. Likewise, the VA.xo sLnai 

„ 7. " ^ouowin, St.; 

HICH. Fi,. 1 Illustrates th. pipeline when stages B D a,^d 

E contain valid data. stages A c .oH r . 

. ■ , '^'-ayes A, c, and F do not conra 1 

..n! .:t:\:e"pVr;"A Taiid'" - 

Also at this tine, the ArrroT ^; , . 
F is LOW u ^^"^^ pipeline stage 

trarsferedortori::/";' - " 

-ta .s transferred l/tU; ""i'"" ^'"^ ^"-^^ 

oetween pipeline stages invalid h=.^ 

^•..=. is data not worth saving, „a. be written ov he re"' 

eliminating it from the .pipeline . However valid d«T 
not be written over since it i. ! 

p^ccessin, or use in :"o::s::e "de 7^ ^::rr 

receives data from the pipeline. 

■al'd r/'r''"' illustrated in Fig. stage E contains 

-I.d data Dl.. stage o contains valid data D2 , Stage 3 
...ntains valid data 03, and a device (not shown, con.necte. tc 
pipeline upstream contains data D4 that is to ..e 
-ans. erred into and processed in the pipeline. stages 3 - 
and E. in addition to the upstream device, contain valid da-a' 
an., therefore, the VALID signal from these stages or devices 
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into their respective following devices xs HIGH. The VALID 
signal fron, the stages A, c and r xs, however, LOW since 
these stages do not contain valid data 

Assume now that the device connected downstream fro. the 
pipeline xs not ready to accept data from the pipeline. x,e 

device signals this by settina i-h« ^ 

a oy setting the corresponding ACC^-PT 

signal LOW into Stage F. stage F itself, however, does not 
contain valid data and is, therefore, able to accept data 
.ron the preceding stage E. Hence, the ACCEPT signal fro. 
itaqe F into stage E is set HIGH. 

Similarly, stage E contains valid data and stage F 

^«a as long as the valid data Dl is first transferred to 
dat!\o ' """" '"nsfer 

a dT ^° - ""-^-^ '"y 

.aUd data being overwritten or lost. At tne end of Cycle i 
data can therefore, be "snifted" on. step to the r.gnt.' 

-his condition is shown in Cycle 2. 

In the illustrated example, the downstream device is still 
not ready to accept new data m Cycle . and, therefore 

the"L;r7 "^'^ ' ''''' ^ — - 

the.efore, accept new data since doing so would cause vaMd 
data Dl to be overwritten i ^ va.id 

stage F into «;r "^Z'"^" ACCEPT signal from 

Stage F into Stage E, therefore, goes LOW, as does the ACCEPT 
signal from Stage E into ^t-^r,^ r> ^^^tpj 

valid data 02 All of tn. V " ' 

a 02. All of the Stages A-D, nouever. are able m 

accept new data ,eitner because tney do not contain ^.ll 
data or because they are able to shift their valid data 
downstream and acconr ^ 

- = ndir. "^^^^^ ^""^ ^^^y ^i^nal this 

-ondit.on to their immediately preceding neighbors by se-t^na 
tneir corresponding ACCEPT signals HIGH. 

_ The state of the pipelines after Cycle 2 is illustrated •- 
^ig. 1 for the row labelled Cycle 2. By vay of example. U 
-s assuned that the downstream dev.ce is still not readv - 



# 



31 



accept „e„ 3,,,^ ^ 

LOW,. st.,.s t and r, rh...,ore, „e still "blockea" 
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' — * ^ » »- X X X Dl 

in cycle 3, Stage D has received the valid data D3 . which has 
overwritten the invalid data that, was previously .n th.s 
stage. Since Stage D cannot pass on data D3 m Cycle 3 
cannot accept new data and, therefore, sets the ACCEPT signal 
into stage C LOW. However, stages A-C are ready to ac!ep> 
new d and signal this .y setting their correspond.^; 

ACCEPT Signals HIGH. Note that data 0. has been shifted f^o! 
Stage A to Stage B. 

Assume „ow rhar rhe downstream devic. Becomes ready to 
accept neu. data in Cycle it signals this to the pipeline 

St'a;e's"c"r ' 

Sta,es c-r contain valid data, they can now shift the data 
do.ns.rea™ and are, thus, able to accept new data. since 
each sta,. is therefor, aM. to shift data one steo 
downstream, they set their respective ACCrPT signals ou: 

AS ion, as th, ACCEPT si,„al into the final pipeline sta,e 
n this example, sta,e r, is HICH, the pipeline shown n 

steo do T " ' "'""'"^ ^-^i'" ""a one 

step downstream on each cycle. Accordingly, in Cycle 5, data 

o 'th oi T ' " "^'"^ out 

Of the pipeline to the subsequent device, and aU other data 
IS Shifted one step downstream. 

Assume now, that the ACCEPT signal into stage F goes • =, 

aol^o . ^""^ «e no. 

able to accept new data, and the ACCEPT signals out of -hese" 

n!e" T '-^-"'X preceding n.i.gnbors go 0 

Hence, the data D2 , 03' and ^ ' y 

nowevo- r. downstrear.. 

no .he data D. can. The corresponding state of -e 



Pipeline after Cycle 5 is 

^ shown in Fig. i as C--'e - 

The ability of the pipeline in iasC,_e.. 

preferred enbodiments of che ^^esent '-•^--^ 

cne present invention, to "fill -z" 
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en,pty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
fron, one another. in other words, even though a pipeline 

5 doT T " ^^"^^ ''''' p^p-^i- 

= does not have to stop and wait for the delayed stage 
Rather, when one stage is unable to accept valid data U 
s.n,ply forn,s a temporary "wall" in the pipeline 
Nonetheless, stages downstrean, of the ••wall" can continue to 
advance valid data even to circuitry connected to the 
10 pxpelxne, and stages to the left of the "wall" can stxl- 
accept and transfer valid data downscrea.. Even when several' 
pipeline stages temporarily cannot accept new data,' other 
stages can continue to operate normally. m particular, the 
Pipeline can continue to accept data into its initial stage 

-annot°r ' ^'"^'^ ^^^^ that 

.annot be advanced due to the next stage not being ready to 

accept new data. As this example illustrates, data can be 
.rans.erred into the pipeline and between stages even when 
one or nore processing stages is blocked 
'0 in the embodiment shown in Fig. i, it is assumed that the 

various pipeline stages do not store the ACCEPT signals they 
receive from their immediately following neighbors Instead 
Whenever the ACCEPT signal into a downstream stage goes Low' 
.nis LOW Signal is propagated upstream as far as th nearest 
2. Pipeline stage that does not contain valid data rll 
example, referring to rig. i, ,t was assumed that the ACCEP- 
signa into stage F goes LOW in Cycle l. m Cycle 2, the Lew 
signal propagates from Stage F back to Stage D 

in Cycle 3, when the data 03 is latched into Stage D, -he 
-.<-C.pt signal propagates upstream four stages to Stage C 
.--er. the ACCEPT signal into Stage F goes HIGH in Cycle 4 ^- 
r.ust propagate upstream an the way to stage C. m othe- 
^^ords, the Change in the ACCEPT signal must propagate back 
--ur stages, it is not necessary, however, in the enbodir.er- 
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Illustrated in Fig. i. for the ACCEPT signal to propagate a^ 
the way back to the beginning of the pipeline if there is 
some intern>ediate stage that is able to accept new data 

in the embodiment illustrated in Fig. i, each pipeUne 
stage will still need separate input and output data latches 
to allow data to be transferred between stages without 
unintended overwriting. Also, although the pipeUne 
Illustrated in Fig. i is able to "compress" when downstream 
pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to provde 
stages that contain no valid data between stages that do 
contain valid data. Rather, the ability to compress depends 
on there being cycles during which no valid data is presented 
to the first pipeline stage. 

in cycle 4. for example, if the ACCEPT signal into Staoe 
F regained LOW and valid data, filled pipeline stages A and 3 
as long as valid data continued to be presented to Stage 
t^e pipeline would not be able to compress any further and 

1 us-rTJ pipeline 
xllus rated in Fig. , educes the risk of data loss since 

- able to compress as long as there is a pipeline stage that 
does not contain valid data. 

Fig. 2 illustrates another embodiment of the pipeline -ha> 
can both compress and expand in a logical manner and vh cn 
includes circuitry that limits propagation of the ACC^?^ 
signal to the nearest preceding stage. Although c^o 
circuitry for implementing this embodiment is explained a- 
Illustrated in greater detail below. Fig. 2 serves to 
illustrate the principle by which it operates. 

For ease of comparison only, the input data and ACCEPT 
signals into the pipeline embodiment shown in Fig. 2 are -.r.s 
same as in the pipeline embodiment shown in Fi?. "l . 
Accordingly, stages E. D and B contain valid data Dl . 22 tr.z 
D2, respectively. The ACCEPT signal into Stage F is LCW; 
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data D4 is presented to the beginning pipeline Stage A. m 
rig. 2. three lines are shown connecting each neighboring 
pair Of pipeline stages. The uppermost line, which may be a 
_ ous, IS a data line. The middle line is the Ime over which 
= the VALID Signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also as 
before, the ACCEPT signal into Stage F regains LOW excep; m 
cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

10 in Fig. 2. each pipeline stage is represented as a block 

divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2, the primary data storage 
IS Shown as the right half of each stage. However, it will 

1= be appreciated that this delineation is for the purpose of 
Illustration only and is not intended as a limitation 

rig. 2 Illustrates, as long as the ACCEPT signal m^o 
^ stage is HIGH, data is transferred from the primary storage 

" "condary storage elements of 

.ne o.iowing stage during any given cycle. Accordingly 

i.hougn the ACCEPT signal into Stage F is LOW, the ACCEPT 
s.gnai into all other stages is HIGH so that the data Dl D2 
and 03 is Shifted forward one stage in Cycle 2 and the data 
O- is shifted into the first Stage A. 

U-p to this point, the pipeline embodiment shown m Fig 2 
acts in a manner similar to the pipeline embodiment shown' 
Fig. 1. The ACCEPT signal from stage F into Stage E 
however, is HIGH even though the ACCEPT signal into Stage F 
- LOU. As IS explained below, because of the seconda-v 
s-.orage elements, it is not necessary for the LOW ACCEP^ 
=^ propagate upstream beyond Stage F. Moreover, by 
no the ACCEPT signal into Stage E HIGH. Stage F signals 
It is ready to accept new data. since Stage F is net 
ole to transfer the data Dl m its primary storage elenents 
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dOW„sy„ ^^^^^^ .^^^ ^^^^^ ^ ^^^^ 

Stage E „ust, therefore, transfer the date 02 into the 
seconder, storage elements of stage r. Since .oth the 
pri,ar, and the secondary storage .ie„ents of stage r nol 
contain v.iid data that cennot 5e pessed on, the acc"pt 
Signal fro. stage r into stage E is set Lou. According^, 
this represents a propagation of the Low ACCEPT signal L=. 
only one stage relative to Cycle 2. whereas this ACCEPT 
Signal had to be propagated bacK ell the way to stage c in 
the embodiment shown in Fig. i. 

Since stages A-E are able to pass on their data, the 
CCEPT Signals fro. the stages into their i™„ediate y 
preceding neighbors are set HIGH. Consegu.htly, the data D 
and D. are shifted on. stag, to the right so that, in Cycle 
- they are loaded into the primary data storage elements of 
s^age E and Stage c, respectively. Although stage ^ no- 
ontaihs valid data 0. in its primary storage elejnts: t 
.econd ry storage elements can still be used to store other 
-a.a .ithout risK of overwriting any valid data 

Assu„. now. as before, that the ACCEPT signal into Stage 
r becomes HICH in cycle 4. This indicates that the 
downstream device to which i-ho ^ •, • 

wnich the pipeline passes data is readv 
ro accept data from the pipeline staa^ r k 

('^Hcj.ine. stage F, however, has s^r 

St"age E?s „:f"" ^"^^="" " ' - 

ACCEPT s onals T" " ""^^ 

ACCEPT Signals for each cycle indicate what will ..hapoen" in 
.he next cycle, that is, whether data win be passed on 
(ACCEPT HIGH) or whether d.r. - . Passed on 

LOW) Th,.., . ^" (ACCEPT 

oassed r ^'"'^ ' " =>'=^' =■ ^-^e =lata D, is 

pas ed fro, stage r to the following device, the data D2 is 

" """^"V --0 primary storage in stage r, but -..e 



. .h stage £ is not transferred to stage r. ^he da-a 
ana transferred .„to the following pi e n" 

-a,es as normal since the following stages have their ACCEPT 
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signals HIGH.. 

5 TZT". °' '''^''^^ ^" 'y^'^ ^ -^-cle 

o. .t can be seen that the provision of secondar/ sto;aae 
elenents, enables the pipeline e.bodi^ent shown i/r., 2 I 
expand, that is, to free ud dai-« =^ ^ 
v^iSH H . storage elements into which 

valid data can be advanced. For examoio 

example, m Cvcle ^ rh^^ 
.t. Moc. 0., 0. ,nd 03 .o.™ a ..sol.. I, 

TxCH T"""" ACCEPT s,,„,i 

into the primary storag. alementsXf Staae f . ^ . 
secondary stora,. o. staoZ .eco" ' re.' to accj " 

new data if tH. foUow.n, devic./ „ 
data and the pipeline „u3t on/a^ain "co.press T . , 
Shown i„ cycle e, eor which th^ta 03 has Jen shifted fnt'o 
.he secondary stor„e eiementZ/of sta,e r and the data oM 
been passed on fron sta,e 0//0 sta,e E as nornal. 

i9s 3a, I,, 3a, 2,, 3b,//a„d 3b, 2, ,which are referred -o 

IZll ' " y/^-""e generally a preferred 

enbodment of the pip/l/ne th < = . P^ererre. 

i»Pie»ents the struct jXo„„ .^rt T - 
non-overlappi„, clock/wAh I ° '="°-P''"-- 

Phase ciocfieVr rJZd ,t w" "pV"'' ■ ^ 
also possibie to/Sve' the v "'P"^""'' it .s 

invention usin, a/Xcr-ith " -^odiments of the 

Sing a/c'iock -ith more than two phases 

AS Shown in r^/ 3. each pipeline stage is represen-ed as 
saving two sep^^te boxes which illustrate the prf^; .n, 
secondary sto/^e elements. Also, although the Zl osJT, 

:U ft/r = ^ — ^ stages ' 

oe.ore. fo^^ase of illustration, only the ACCEPT sionai 

'L^^' ^ ''^""'^^ °' ^"^^ ^^^^^^-^ ^ P^.ase 

,:!:;!:r' ^-^^^^^ - -dicated m ng. 3 usmo.;: 

-P-a- -/pointing arrow for changes from LOW to 

:v. a dovnward-poi.^ting arrow f = r changes from HIGH 
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LOW Transfer of d.« tr=» =„. st=r„. ele.en. „ ,no«er is 
indicated by a large open arrow. it <s assumed 7k 
^'AT rn ^ * assumed that the 

^ALID .x,nal our ot the primary or secondary storage elements 
Of any „ven sta,. is „ls„ whenever the storage elemen-s 
contain valid data. ^-Lemen.s 

In Fig. each cycle is sho.n as consisting of a full 
period Of the non-overlapping cloc. phases oo and ol . a 
"Plained in greater detail .elo„, data is transferred f.:„ 
the secondary storage elements (shoun as th. left box in elch 
stage, to tH. primary storage elements (shown as the right 
box n each stage, during cloc. cycle „l, whereas data s 
transferred from the primary storage elements of one stage t'o 
the secondary storage elements of the following stage during 
the Clock cycle 00. Fiq 3 also,- n ^ ^^^e auring 

and seconH. Illustrates that the primary 

and secondary storage elements in each stage are further 
connected via an internal acceptance lin. further 
sianai ^ceptance line to pass an ACCEPT 

signal m the same manner that the ACCFpt = , 
fror, stage to stage m ^H • ^"^^ P""^' 

element ill I way, the secondary storaoe 

element .m know when it can pass its date to the pr-a;.- 
storage element. pr...ar, 

^nJZ' ^^-^ ^ ^-^^ - — ^-a .1. o. 

storage elernts'" r:::n """^"^ 

-.ted into the primary'sto/age^Mn^s ^ r^e; . "J 

s^age. During the oi phase of Cycle i rho .^^"^'""^ 

i-K^^** ^ uycie 1, the pipeline 

"f ::rT t - '^=:o...„ as 

ris as-sumed to h.-.o; ' T 

oe LOW. As Fig. 3 illustrates, howeve- 'h^.= 

.eans that the .cc.PT signal into th, primary storage ele; ; 

sec="L"a-, ' -5-1 -to .ts 

seconda.., storage element HIGH. 



Staae%""'" secondary storage elements . 

9e . into the primary storage elements of stage E ,s als: 
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«t HICH since the secondary storage elements of stage r cio 
not contain valid data. As before, since tne primary storage 
elements of stage r are aMe to accept data, data in all 'e 
_ upstream primary and secondary storage elements can be 
= Shifted downstream without any valid data being overwritten 
The Shift of data from one stage to the next taKes place 
during the next oo phase in Cycle 2. For example, the vaLd 
data Dl contained in the primary storage element of stage % 

" '"i"*'' i"" the secondary storage element Of stage r the" 
.» data .s Shifted into the pipeline, that is, into the 

secondary storage element of stage A, and so forth 

The primary storage element of stage r still does not 

contain valid data during the »0 phase in Cycle . and 

therefore, the ACCEPT signal from the primary storace 
- elements into the secondary storage elements of stage r 

remains HIGH. Ourino th. tii „k.. 

th.r.f """^l"? the el phase in Cycle 2. data can 

therefore be shifted yet another step to the right ^ . 

ei:: ^ge""""" " ^"""^ -ements ..i-t.:^; 

However, once valid data is loaded into the orina- 
storage element, of stag, r, if the ACCEPT into stage ^r;! 
-he downstream device is still LOW, it is not possible"; 
Shift data out Of the secondary storage element o t !e" 
Wit out overwriting and destroying the valid data 01 '^he 
2= ..CEPT signal from the primary storage elements into 
econdary storage elements of stage r therefore goes 
Data 02. however, can still be shifted into the seconda- 

"'^^ ^ ccntam vaud :::: ■ 

-ws ACCEPT signal out was HIGH. 
:.- _ ^-ing the „i phase- of Cycle 5, it is not possible 

s..... cata D2 into the primary storage elements of stage r 
_a. though data can be shifted within all the previous staces.' 



ar.d 



'ixd data xs loaded .nto the secondary storage ele-e-.-s 
Stage F, however. Stage F is not able to pass =r. 
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data. It Signals this event settin, its ACCEPT si,„M „ut 

Assu^in, that the ACcrPT si,„al into st„. r regains Low 
data „pst„,„ ,„,e r can continue to be shifted between 

T "T" °" respective cloc. phases unti 

the ne« v,i.. ^^^^^^^ J 

elements of sta,e £. As illustrated, this condition !s 
reached during the ol phase of cycle 4 

-0 into .he primary storage element of sta,. E. since this data 
cannot be shifted further, the ACCEPT signal out of ^e 
primary storage elements of stage E is set Low. up.^jl 
data can be shifted as normal. "Pstream 
Assume now, as in Cycle 5 of rig. 2 that ,-K. 

- connected downstream of the pipelile s able to acZ" 
Pipe i„. „.a. It Signals this event by setting the CC^T 

-if-^ata to th'XtrdT " ' - - 

i^ig^it and they are also able to acc^nr n«.. 

« cycle , so that the primary storage elements of Stage F no 
longer contain data that must be s.v.d n 
= f cycle 5, „e data D2 .s there, " " 

r from the secondary storage e, ' 
elements. - secordary^XareTelUVor Sta^^^^^^^^^^^ 
. able to accept new data and signal this by setting the Acc -t 
s.gnal into the primary storage elements of Stage e„ic" 
our.ng transfer of data w.thin a stage, that is from 
_ secondary to its primary storage elements, both sets o". 
■ s-rage elements will contain the same data, but the data - 
-r.e secondary storage elements can be overwritten with n, 
-ta .OSS Since this data w.ll also be held in the pr^ra- 
storage elements. The same holds true for data transfe- -1- 
-.■>e pr.r,ary storage elements of one stage into the seccnda-^ 
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Storage elements of a subsequent stage 

Assune now, that the ACCEPT signal into the pr..a-y 
storage elements of stage F aoes i ou ^ Prima.> 
Cycle 5 Thi. during the oi phase in 

<->cie 3. This means that Stage F is nor 

H=..,.= rx^ ^ , ^° transfer the 

data D2 out of the pipeline stano r 

ACCEPT sian., , P«^^"«- Stage F, consequently, sets the 
ACCEPT signal from its primary to its secondary storage 
elements LOW to prevent overwriting of the vali/data 0. 
The data D2 stored in the secondary storage elements of Staoe 
however, can be overwritten without loss, and the data .1 

sZ\T. — -orage elements 

Of Stage F during the oo phase of cycle 6. Data D4 and D5 
can be shifted downstream as normal. Once valid data 0 L 
stored in Stage F along with data 02, as long as the ACCEPT 
signal into the primary storage elements of stage F is " w 
ne. her of the secondary storage elements can accept ne: 

:::ge ^"-"^ — ^ — .to 

When the ACCEPT signal into the pipeline from .he 
do nstream device changes from LOW .o HICH or vice ve^sa 

e^eients : ^i:'™-"'' ^--'-^ — ^ 

pipeline stage, Rather .h " P"ceding 

vithin ^he oioel- Propagates upstream 

Phase " ^^-^ P- cloc. 

As this example illustraro«= 

concept of a "staoe" i r. 
the pipeline structure Ulu.tr.ted in ri,. 3 i/" ,cne 
extent . „,tter o. perception. since a.t! is trens.e re 

"".^ '^"^ " primary stor.,= 

.e s, as it is .etw.en ste,es ,.rp» the primary stcra,; 

... en s Of t.e nei,r,porin, downstrean stage, , one ccul. :ul 

e:.;' ^ ^■■^'^ "Pr^^arv.. .to a = e 

-e^en.s .ol.o.ed .y "secondary stora,e eienents" \nstead 
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illustrated in Fia 3 th« 

f-^g- The concept of ••primary" ahh 

also .J r "primary storage elements can 

also be referred to as "output" stora«« »i 

">.pufc storage elements, since rKov, 
.re ^^^^^^^^^^ 

in «plai„in, «ore.e„.io„ed embodiments, „ shown 
r.9s. 1-3, only «e transfer of data under the control o' -1 
ACCrPT and VALID signals has been mentioned. xt is tVl 

ne data it has received arbitrarily before passing it 
t e f'ouo" " P'"-. I o 

a .n to ^r^'rVri 
9 .i,. 3, a Pipeline stage can, therefore, be def^-,=d 

storage elements and that arbitrarily processes data stored 
-n -ts storage elements. 

rurther.ore, the ..device., downstream from the pip.u^e 
S^.^e F, need not be some other type of hardware structure 
but rather it can b. another section of the same 
another pipeline, .s illustrated below, a pipeline Itr,:"" 

^tVr frier.itrveT: r^' ----- 
oTn - -"-^^Vp— 

tased on Whether or not tn ' " °" 

-■enen-s conr i.-'^ediately downstream storage 

--enen.s contains vaUd data that cannot be passed -V 

- e s" ,:o elt/red it::;, 

-^.-1 -he passage of data between adjacent st = ra = e 
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elements. The VALID signal may also h« 

analogous manner. Processed in an 

A great advantage of the two-uire interf^^o , 
each Of the VALID and ACCEPT si! 
control the p.peUne w.tho" t J rt/ol 

propagate .ac. up -e p.pelln:^^:^^^^;r.^^r^::/° 

stage. Referring once again to Fig. i Cycle 3 I ' 

although stage T "tells" stage E that it 

* stage t that it cannot accept data 

indeed .Here had been „ore s«,ee containing v.Ud da-a 

t en tn.s si,n,l would nave propagated tac. even furrn": 

ion, tne Pipeline. In the ..Pediment sn=vn in Fir / 
3, the LOW ACCEPT signal i, n„ 

upstream than to stage V and 1 ^"P''"" '-ther 
storage elements. ' " ^" ^-""y 

AS described below, this embodiment is .h,. . 

^ ne s.gn.fTca::! r ti: 7::^^ 

area ,3, .s required to implement the design. Typical 
each latch in the pipeline used for data storaoJ 
2^ only a single extr^ r storage requires 

ingie extra transistor (which lays out v.^.- 
efficiently in silicon) in add ^ r ^ ' 

. j.n addition, two ext»-a lar/->,« 
a small number of qates * latches and 

Acc. and srgra:s"t:rVrVro;rard"r:°t""/:' 

. latches in each half-stage ^ 

s.a;ras\"orr;rg.'r"-"' — = 

By way of example oniv it ^^ 

^ oniy. It is assumed that eioht-bi- h^*^ 

1 """^"^^ '-^^ - ^-^-out further ..an 1 -0 °: 
op.io combinatorial logic circuits, in parallel throuj; 
-- Pipeline. However, it win be appreciated that eithe- 

'''"-"^^ ■'ata can be used in prac-.ici-.: 
:X/"r the fwo-wire interface 

= -.=r ance vith this embodi.,eht is, however, suitable for .s. 
-■-h an-, data bus width, and the data bus width r.av 
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Change from one stage to the next xf a particular application 

so requires. The interface n . 

accordance with this 
embodiment can also be used to process analog signals 

AS discussed previously, while other conventional timing 
arrangements may be used, the interface is preferablv 
controlled by a two-phase, non-overlapping clock. m r.gs' 

IZ' TV- '^'^'^^^ " 

PHI. in Fig. 4, a line is shown for each clock phase signal 

input data enters a pipeline stage over a multi-bit data 
^us i.._OATA and is transferred to a following pipeline stage 
OUT Lt". '"" — Circuitry over an output data bus 

3 deJr bed bT ^^"^ ^" ^ ™ 

described below into a series of input latches (one for each 

xnput data signal) collectively referred to as LOIN, wh Ih 

J, - constitute the secondary storage elements described abo^^ 

jn in the illustrated example of this embodiment, it is 

assumed that the Q outputs of all latches follow their D 
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U HIOH, „ . ■■IVlev.l. Additionally, rh. 0 

- outputs .Old t.e.r last values. i„ oth« -words the , 

r: — --^ o. ..... .es^ecti.: 
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t o no„ r ' -"er one of 

-o --o-rX.pp.n, cloc. signals P„o or P„i ,as snovn 
r^g. .-), or the lo=,xcal AKD oombxnation of one of these clock 
signals PHO, phi and one logic sianal Tr,= 

equally well, however, by p/ovid:::^^.eh::\hri:r orr^: 

.atching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations 

The output data from the input data latch LDIN passes vxa 
a., a.bitrary and optional combinatorial logic circui- =• 
vhicn nay be provided to convert output data from input - a'-'-- 
..IN- into intermediate data, which is then later loaded a-^ 
cutput data latch LDOUT. which comprises the primary s-c->-o 
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elen,ents described above. The ourpur from the output da-a 
latch LDOUT nay similarly pass through an arbitrary and 
optional combinatorial logic circuit B2 before bexng passed 
onward as OUT.OATA to the next device downstream. Th.s may 
be another pipeUne stage or any other device connected Z 
the pipeline. 

in rhe pracric. of th. pres.nt invention, «cn sta,. of 
the pipeline elso includes , validation input latch lvin , 
validation output latch LVOUT, an acceptance input latch 
LAIN, .„d an acceptance output latch LAOUT. Each of these 
four latches is, preferably, a si.ple, sinc,le-st.,e latch. 
The outputs from latches LVIN, LVOUT, LAIN and LAOUT are 
respectively, «VIN, OVOUT. 5AIN. 5A0UT. The output signal 
OVlN froo the validation input latch is connected eitHe" 
directly as an input to the validation output latch LVOUT or 
via^intermediate logic devices or circuits that nay alter 'the 

Similarly, the output validation signal OVOUT of a given 
-age pay be connected either directly to the input of the 
^-aLaation input latch QVIN of the following stage, or via 
m ermediate devices or logic circuits, wnich may a tir tne 
validation Signal. This output 5VIN is also connected to a 
0,1c gate ,to be described below, , wnose output is connected 
clol'r , -"Ptance input latch lain. The output 

armi": T ^'"^ connected to 

another logicTte"" ' 

AS Shown in rig. the output validation signal ovotT 

•orms an OLT.VALID signa that can be received by subsequent 
s-K.9es as an IN.VALID signal, or simply to indicate valid 
=a-.a to subsequent circuity connected to the pipeline. T.-,e 
readiness of the following circuit or stage to accept data -s 
inaicated to eac-h e-a«- 

each s.age as the signal OUT ACCEPT, which is 

the .nput to the acceptance output latch LAOLT. 



4 5 



a 



llllr^ ---^"y. vn.ch described ..low 

tAOtx .s co„„e=.e. as tne inpu. to ... acceptanc. input latc 

in practicing the present invention, tne output signals 
QVIN, OVOUT tro. tne validation latcnes Lv^.'^vou^ ^e 
combined With tne acceptance signals OAOUT. OUT Acc^ir 

•0 IIZ'T^X'- " " ««P"n=e-latc"nes 

.0 LAIN, LAOUT, respectively, m the e»bodi».„t illustrated in 
'19^ 4, these input signals are forn,.d as the logical nand 
combination of the resoen-iwo i -i ^ • 

, • ^«sP««ive validation signals QVIn, qvout 

With the logical inverse of the respective acceptance output ■ 
signals QAOUT, OUT.ACCEPT. Conventional logic gates Jo 
1= and NAND2, perform the NAND operation and J. 
m -;vi TMv^ f operation, and the inverters 

rU '"^^ ^^^-^ ^°«5ical inverses of the respective 

. acceptance signals. pectwe 

S ^ron'a";^' °' '^^^^^^ °-P- 

^ .ro. a NAND gate is a logical " i ■■ when any or all of its 

' signals are in the logical "O" state tk. 

a NAKD aate i<i * 9 cai o state. The output from 

1=^ NAfD gate IS, therefore, a logical "O" only when all of its 

puts are in the logical ..... state. Also well Known in tL 
ar IS that the output of a digital inverter such as I.v. L 
a logical .-l.. when its input signal is a ..o- and is a 
When its input signal is a "i" ° is a o 

The inputs to the NAND gate NANDi /,ro 
.JOT fOAnrTT* K ' ^^erefore, QVIN and 

•■lOT (QAOUT) , where "NOT" indicat^e Ki„ = 

vnr.-^r. . u • -Lnaicates binary inversion. Usinq 

known techniques, the input to the acc^nr. , 

be resolved as follows: acceptance latch LAIN can 

N-A.VD(QVIN,NOT(QAOLT)) = NOT(QVIN, OR QAOUT 

-n ctner words, the combination of tho i 
...vrs "® inverter I.VVl and 

-ne .,^.,^D gate NANDI is a logical i ■- oj-k 

O-I" i= . ..n.. • ®--^er When the sianai 

is a .-O" or the signal QAOUT is a - or bo-h ' 

gate .,M,,D1 and the inverter iNVi can 

-Li^vi can, tneref'^i 



:re, fce 
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LAOLT " " -"P"n« late. 

LAOLT and xts other input t.ad to the invert of the outp.- 
si5nal oviK of the validation input latch LVIN 

' l.t*h " " ^'-^n. -nv 

atches suitable tor use as the validation and acceptance 
latches may have two outputs, o and NOT(Q,,. that is, Q and 
Its logical inverse. If such latches are chosen, the one 
input to the OR gate can, therefore, b. tied directly to -he 

" 

3hd the inverter INVl can be implemented using well Known 
convant.onal technigu.s. Oependin, on the latch architecture 
used, however, it may be more efficient to use a latch 

1^ NANDl and the inverter INVl , both of which also can be 
implemented efficiently in a silicon device. Accordinglv, 
.ny Known arrangement may be used to generate the Q signal 
ana/or its logical inverse. 

L.OLT load their respective data inputs when both clocK 

signals (PHO at the input side and PHi «r 

, ^ =>j.ue ana PHI at the outout side^ 

.n::.: . „ an^d :;i:ran"The""" --^ 

' ""^ output of the respective 

acceptance latch (in this case, L^XN, are used in a a 
AND manner and data .s loaded only when the. are both 10';=:: 

= ' iheTtcr'" r''"'^°"^' ^"^^ " ^'^^^ -Ple.entat.ons 
.he latches, the logical AND operation that controls t.e 
--d.ng (v,a the illustrated CK or enabling "input.., of t^- 
-^..nes can be inplenented easily in a conventional nanne^ - 
.-nnect.ng che respective enabling input signals ' 
example, ?ho and OAIN for the latches LVIN and LDIN) -/--e 
= ates Of MOS transistors connected m series in the '1^'- 



25 



• 



47 



ru 



1 0 



l-es of th, l.tch.s. consequently, is necessary to provide 

'ne AMD " t M,n-sp.ed .ppUcst.ons. 

■ne AND gate shoun xn the figures, therefore, only indicates 
the logical function to be performed in generating the enable 
Signals of the various latches. 

Thus, the data latch LDIN loads input data only when pho 
and QAIN are both "l". it will latch this data when either 
ot these two signals goes to a "O". 

Although only one of the clock phase signals PHO or PHI 
is used to cloc. the data and validation latches at the input 
(and output, Sid. of the pipeline stage, the other cloc. 
phase signal is used direeti^/ i-^ ^^ 

directly, to clock the acceptance latch 
s*"® side. In other word^ t-h^ 
15 either words, the acceptance latch on 

either side (input or output, of a pipeline stage is 
J preferably clocked "out of phase" with the dat' anJ 

- validation latches on the sa.e side. ror example, p„. 3 

It ^° acceptance input latch, although .HO ll 

N and the validation latch LVi.v. 

AS an exanple of the operation of a pipeline augmented by 

no v;7;d"d7tr''''"^°" y assume that 

no valid data is initially presented at the input to the 
^^rcuit, either from a preceding pipeline stage, or from a 
.ransmission device. m other words, assume that ^ne 
validation input signal IN.valid to the illustrated stage has 
not gone to a "i" since the system was .ost recently reset 
Assume further that several clock cycles have taken place 
sin.e the system was last reset and, accordinglv. the 
----•^.try has reached a steady-state condition. -^e 
•a..aat.on input signal qvin from the validation latch LVI. 

-s, therefore, loaded as a "n-* h.,^^,. 

^ ^ during the next positive 
perioa of the clock Pwn -ru 

ciocK PHO. The input to the acceptance ircu- 
- = tch LAIN ^ - 



the 
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(Via the gate NA.VDl or another equivalent gate 
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signals „ da.a (sin ' . 

= not hold any data worth savin,) . " 

in this exar,pl., note that the signal IN accept . 
ena.le th. data and validation latches LOXn" and .VIH "T^.T 
the signal IN ACCEPT at this r i ™« ■ 
.ffectiv.1, „o« as convent ^nal t„ ' 
10 -.hatever data is on the " data 1 " "at 

data latch LDIN as soon a-s t^Vc! 

o. course, this invlud" ata JuraT.V Tl " ' 

next data latch ..our o. the .ollo„ „" p . 

datr"rt'ac"prL"i:ads"a„r:rta^°" - — 

the next positive period Presented to it dunn, 

-e other hand such nval d^a\"°'*"'^' ^ 
-hich the acceptance Sitnal";" ^-"^'^ 
- acceptance latch is L tha ' a "rlr::""^""""' 
="':put Signal fro» a validation , I ■ 

vaUdation input signal to thV su.se'uel vll^d^ 

regains a "o" as lona as rn. ^"^^^'^^^^^ validation latch) 

s.,nal to the validTt^n'ratr iVr '"-^'^"^ 

•--«-":.r;;/;A"o"d:ca:::v"r - 

The output Of the '"■^^=ates this by rising to a •■i". 

a ..1. on the validation latch then rises 

Phase signa " respective =io« 

:= :atch\vi,; rises t " ^-P" signal ,r::: 

-=.nal goes hioh " " ' "^responding 1„ v..:. 

edge Of th e r " * °" ^^-^ 

'^-LOCK pnase signal 



. PHO 

Assune 



^ssune no- • 

contains vaird'd """^ ^"^'^^ "~ ^ 

ata. If the data output latch LDOLT is rsar 
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dara present at its input. This win 

inis Will occur befnro i-k« 
risin, edge of the other clock signal pho . 
Signals are non-overlappi„g « ! T ' 

... Prece.„g la.cT .^...r^^X^ ^Mr"' 

neu input data fro- the preceding stage until th.T 

latch LDOUT has safely latched the data trans* 

latch LDIN. transferred fror, the 

Accordingly, the sane sequence is foil ^ 
adjacent pair of data latches (within a sta 
",ac.nt stages, that are aM. to accept dat " 
■•'ill be operating based on altern.r. k 
-ny data latch that is not ready to a 

it contains valid dat. that "^""^ 
an output """" P'"". "iil have 



an output acceptance signal (the n. ' " = 

acceptance latch LA, that is low and t h""'""- 
L==.T ...11 not be loaded. H.„oe as lo °^ 
Signal (the output from th. ' " ««Pt,„ce 

stage or side ,'i„pu:":. "u,;;"^:;"" " ' ^-^n 

corresponding data latch .iirn« :J .Ij::'' 

e.b::!„e:t"^"r\:evrs\r?r"e;a:r^^ - 

NOTRESETO is connected to . '""P'*' ^ ««t signal 

-inversion is hereby indicated by a^lri/c""! ' 
conventional) of the vaiin,. circle, as is 

-eii .no.n, this ^ans t^r vrrt/"? ^= 

=e 'orceH ro « ► validation latch LVOUT wii; 

-orced to output a "O" whenever rh« ^ ■ 

^ecor.es a "O" ono ^^^'^ ^'^"^^ NOTRESE70 

0 . One advantage of resei-r,„„ , 
•sset sional noo. , resetting the latch when the 

neir "u"?, '''' ""'^ "'"^ ' ^"-y then be 

n-- or reset state whenever a vaUd transr.issicn 
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t.e,ins th. re«t si,„,l ,ces HIGH. The reset sion , 

NOT^ESrro, therefore, ope„„s „ , "o^/oVr ' 

Not. that it is not necessary to reset all of the latc^.c 
that hola vali. .ata in the pipeline. .3 .epiote/ n IT, T 
the validation input latch LVIN is not directly reset by the 
r«.t si,nal NOT«3ET0. but rather is reset indirectly 
Assume that the reset si,n.l NOTRESETO drop, to a ..0.. Th, 
validation output signal avOLT also drops to a "o" 
regardless of its previous state, whereupon the input to the 
acceptance output latch tAOUT (via the ,.te K*N01, goes H.=„ 

OAOUT " ' "V.. ;h"s 

QAOUT value of i e rn^^ ^ -i-nis 

i IS then transferred as a "i •» -ku 

-he validation input sional qvin tk- 

.i,nal Q«„ then rises to a "1 at the ne T""""" '"^""^ 

-ho ^11,- « ^ i at the next rising edqe of 

- e cloc. signal PHI. ,ssu„in, that the vaUdatlL s gna 
has been correctly reset to a "O" then uoon -- , 
subsequent rising edge ot the cloc. signal P„o the ! t 
.r=. the validation latch LVXN .iU .ecoL ■ o"' as .t cu'ld 
have done if i i- k^h w = ^ . as it would 

one If It had been reset directly. 

As this example illustrate*; 
the validation latch .n'Tn;;\:V;\™"e7ch" sT" 

necessarv ^PPl icat ions , ir win nor te 

necessary to reset every other validation latch: 

reset Signal NOTBEsrxn ,. " 

-or. r^. "OTRESETO can be guaranteed to be low durlnc 

or. than one cooplete cycle of both phases PHO. P„i or the 

:r ..::rst ^ ^-^^"^^ p-pagation o.. 

or^c'- ' --li-J^ion latches 

— - 

-re c'=cv " " '"'^ "th phases c; 

c.oc. as there are p:peU„e stages, .t wUl only .e 
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necessary « directly reset the vaUd.tion output I«ch in 
the final pipeline stage. 

Fi9s. 5a and 5b (referred to collectively as Fi, 5, 
Illustrate a ti-in, diagra. shoving the relationship betwe. 
the non-overlapping clocX signals PHO. PHI, the effect of the 
reset signal, and the holding and transfer of data for the 
tnt!",'7 f « validation and acc.ptanc. signals 
into and between the two illustrated sides of a pipeline 
stage configured in the .»bodi»ent shown in rig. , in the 
.«„pl. illustrated in the tiding diagra. of rig. 5, it has 
been assumed that the outputs fro. the data latches LOIN 

^ "ocr"rr"\rr t'^'t- 

necessarily by way of U. atL ^ 7 it tH? " 

' ^5 to be understood 

that any combinatorial logic structures „ay be included 
between the data latches of consecutive pipel ne stages or 
between the input and output sides of a single p!pe;i„e 
stag.. The actual illustrated values for the input dl r for 
--P1. the data words -aa.. or ..o., are also , ; 

Illustrative. .s is mentioned above, the input data bus na'; 
nave any w.dth (and may even be analog,, as long as the data 

h :r°:t°"" " ™=da e a : 

•atch or store each bit or value of the input word. 

Preferred Pat. s^niT tur. - 

In the sample application shown in Fig 4 .ach 

processes all input data since th.r. 

since there is no control circuir— 

at e.cludes any stage from allowing i„p„t data to a^s 
through Its combinatorial logic bloc. Bl, b., and so for" 
■-ud":"\'""" ""^bi^ity, the present invent:,.- 
.....Odes a data structure in ...hich ..to.ens" are used to 
3-Su.ibute data and control i-'3r-,ai-^ 

svs'o, r i'-ormation throughout tr.e 



Eacn token consists of a series of binary 



separated .nto one or .ore blocks 



t'LZB 



Of token vcrds 
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rurthermore, the bits fall into one of thr.o . 

•-=y Of example and, not neoessarily by way ^ \,1T ' 

data Xs t.ans.^.e. as .o.ds ovlr an e^LtU „ 

b.t expansion Mt Una. An axa.ple of a four-word .o.en . " 

in order of transniss ion : ^' 



ru 



?!1 
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First word: 
Second word: 
Third word: 
Fourth word: 



E 
E 
E 
E 



A 
D 
0 
D 



A 
D 
0 
0 



A 
0 
D 
D 



O 
D 
D 
0 



0 
0 
0 
D 



D 
D 
0 
D 



D 
0 
D 
D 



D 
D 
D 
D 



Note that the extension bit E is u«i»h . 
(preferably, to each data word. In ad" / " 
field can be of variable lenath and 

just af^er th. o / Preferably transmitted 

Dust af.er the extension bit of the first word 

tokens, therefore. consist of one „ 
-Mnary, d.,..a: da.. .ne presenr^nv n^on' "ZZ '-I 

:::u:r?.:Lrrrnoro;=/- ----- 

trans-.itt.rt . Parser, control information xs 

transmitted m parallel, whereas data . 

serially. transmitted 

«;s;:r\,'"ar a'djr^'s""":- :t 

tield (the string of A-bitsi rh=.* 
Identifies the type of data ^h;,^ • ^ oits, that 

Tn » . contained in the token 

: «PPU=ations, a sin,.e word or portion of a .-ord 3 

-=;■ 'i'^-- tMs 3 

..=t nacssary .„ accordance witn the invanc.on, so lono as 
-0=1- ..rcuitry .s included .n tna correspondin, pioeLne 
s-ages tnat is able to store c:o««. " 
ad-^-p... ^- representation of partial 

a^w.ess fields long enouah 'or 

decodo -he. stages to receive s.--= 

^ecooe the entire address field 
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Note that no dedicated wir*.«t «^ ■ 

-ires or registers are required t« 
transmit the address field It is 'required to 

hii-e s rieia. it is transmitted using the data 

bits. As IS explained below a nir,«i,- « aaca 

Slewed down if it is no/ P^P«i^"« "age wUi not be 

If It IS not intended to be activated hv, i-h 
particular address field i e th. . ««ivated by the 

i.-LCiu, i.e., tne stage will aKi« 
pass alcn, the token without deiay. 

The remainder ot the data in the toKen fcllcutno the 
0 da\" V" "hstrained hy the use =. toMen. These 

0-data t.ts „ay ta.e on any values end the „.ahin, ettaohed 

Of the data can vary, for example, depending upon where the 
d t iS positioned with.n the system at a particular point xn 

eld " ° aPP-ded after the address 

t eld can he as Ion, or as short as required, end the „u Jr 
Of data words in different toKens may vary oreatlv Th 
address f.eld and extension hit are used to convey cont-o 
s.^na.s to the pipeline stages. Because the numher o o'd 
the ^^^^^^ ^ ^^^^^ arbitrary as 

he tne information conveyed in the data field can also ' 
vary accordingly. The .»r,i._.. ^ 

=ire--ed f„ ,K explanation below is, therefore, 

-xre. ed to the us. of the address and extension bits 

dati st* "-^ens are a particularly useful 

data structure when a number of blocKs of circuitry re 

erf""" - -""^"^ ==n-,.ration 

simplest configuration is a oioelino 

, pipeline of processing steo«; 

e er, is not restricted to use on a pipeline structure 
Assume once again that each box represents a comple-e 
.^^pelxne stage. m the pipeline of Pig. ,3ta flows^"- 
right in the diagran. Data enters the nachine i". 
^^""--^ Stage A. This may or may not .o..:-.. . 
oa.a and it then passes the data to stage 3. -^1 

,IZ^:T'^'Z'J' ''^'^--'^^y -.plicated and. 

-•--e .1.2 not be the sane number of data :--.- = 
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flowing into any stage as flow out. stage B modifies the 
data again and passes it onto Stage C, and so forth. m a 
scheme such as this, it is impossible for data to flow in the 

5 d°ata°"to ''''' --P^-' Stage C cannot pass 

^= data to Stage A. This restriction is often perfectly 
acceptable. ^^^^ly 

on the other hand, it i. very desirable for Stag. A t= t,e 
able to co^unicate information to sta,e c even though there 

n° direct connection between the two blocks. Stage A and 
.0 c communication is only via stage B. One advantage of the 
"Kens is their ability to achieve this .i„d of 
communication. Sine, any processing stage that does not 
rec=g„..e a to.en simply passes it on unaltered to the next 

According to this example, an extension bit is transmitted 
along -.th the address and data fields in each token so -ha- 
a processing stage can pass on a token (which can be of' 
a b.trary length, without having to decode its address at 
_ al.. according to this example, any token in which the 
extension bit is HIGH (a "i") i. ,o,,„^.,. 

ord - hi^K 1 i ) IS followed by a subseguent 

.=r= .hich xs part of the same token. This word also has an 
extension bit, which indicates whether there is a further 
to en word in the token. when a stage encounters a toke 
-ord hose extension bit is LOW ,a ■•O",, it is known to be 

leti , ^''•-«— 

be the first word of a new token. 

staoer/"" '"""'^ ^^^^^^"^ °' Processino 

stages is particularly useful, it will be appreciated that 

tokens may be applied to more complicated configurations 
processing elements. An example of a more complicated 
p.w.sssmg element is described below. 

is not necessary, in accordance with the presen- 
^^nvention, to use the state of the extension bit to signal 
-ast word of a given token by giving it an extension biz 



zhe 
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r t».r~ " indicates the ,i„t wo« or 

. toKen .„st„d Of th. l.st. This =,„ accomplished with 
approprxat. ch.n,es in the decodin, hardware 
_ = The advantage of usin, the extension bit of the present 

z^t - — - 

a blocK Of Circuitry depending upon whether or not a to.en 
has extension bits. An example of this is a token that 

' "'^^ ^""-^ ^^^^ ,uanti„tion .a : 

stored in a quantization table ftvoic-iiv/ . 

a«xe t typically a memory device) 

In order to load a new quantization table into th. 

:::t"to"t;e"" • tolen 

sent to the quantizer. in cnr-K , 

exa-ni« ^ '^^^^ token, for 

exa...ple. consists of 65 token words. The first word . 
tne code "QUANT TABLE", i e build T contains 
This ie ,1 " ouild a quantization table 

i^his is followed by 64 words t^h , 

„ . ' ^'oras, which are the inteoers of -h*. 

quantization table. ^egers of ^he 

When encoding video data, it is occasionally necessary to 
transmit such a quantization table m order -n 
rhis function, a QUANT TABLE .J accomplish 
can be sent to the qlti e t le" '^'T "° 
- i.q that the e.tensiVn ^^Vf ^ Trl^ w^^ i! tw" ' 

cts::::: ^^r ;rT TB^r: :^ --^ - 

quantization table v^ii: Tt^e t"'" 

word (Which was LOW, is chan' d °' ''"^ 

-^c.en continues, with HIGH !T "^"^ 

= - -he roV:.n ■ . extension bits, until the new end 

-ne token, indicated bv a r nL.• 
---....^ ^ extension bit on the sixf 
--r.n quantization table value Th i . 

-vcical • a • ^ ^'^^^ proceeds m the 

s;;ea% ^ ' ^"-^^ into the t.t 
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continuing wirh the example, the quantizer may either load 
a new quantization table xnto its own memory device ead 
out Its table depending on wheth.. 

Another alternative to the Dreferr-oH - ^ 

to i„=au.e 3 un,.. „u„. af;.; /.""'r.r -"--^ 

given application is looo words lon= ,, Z*^ ^" ^ 

extension .it s=ne»e ,.itH tn. .Tt att. n'/"' 
-ord) the = „ . attached to each token 

cohtL ::ti:z rrr^i- - 

-n:tr;n°:?haV;r 
e.p::::rn:r;:o:"thar:::::'„r" — 

tokens. Here th. V "ses for short 

advanta,eous x/a toke'n ^= 

one .it is .e^Jr/d r riera?" 
^nTsM:ata::r"rv7-" - - 

Pi-cesalaxlL^J,;::;:™ ^' - 

".its, no „ore than i= . Trds c/n ' "'"^ '"^^^ 

= f a token nust v counted); 3) the ien;t.-, 

'-=^ ^= ~i:Tt:etiTortr"^- 

= ^=ck o. Circuitry that deals "h t k 

=r=vid.d .-i-K ^ ' ^"^^ tokens -.-ould need to be 

• - -i.h hardware to count words- .nrt -, 

3--.=uld ,et corrupted ,du. to a data tr ;s^" 

.-or clear - ho^K ^ransnission error) it • = 

-ear -hether recovery can fce achieved. 
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The advantages of the extension bit schen,. 
wi.h the present invention include: p peL "st"""^"" 
not include a block of Pipeline stages need 

exrens.cn bit is identical for ,X1 to.' , ' °' 

^-it piacea on t.e ie„,t. tolen .f": " "° 

.fricient an ter.s of overhead to represent the ! 

co.en, tor Short to.ens; end S^error rV " 
naturally achieved r, recovery is 

one random to.en Jul .e "'e"*"'"" """^"^ 

corrupted fro. ..1.. to .c'rorTrr " 

bit corrupted ..o.. to " . " ("tension 

localized to the tok.n. ^^rthernior. , the problem is 

to tne tokens concerned. After i-k.. . .. 
operation is re.„r,.H . . *lter that token, correct 

IS resumed automatically 

in addition, the length of the address field 
-r.ed. This is «i,niy advantageous Since it ./, ' " 

can b, ^^^^^^^ e:"fuiTVa„v:.::r"""' 
^■ariabreTe::::\rdrrs:''"e?d? T"''°- " --^ 

• ^^e-lds, the addresses are 
-Mac a short address fr,ii« ^ cresses are chosen so 

confused .ith a lln r addrr ^hlTT ^ 
.ncodin, the address field i ch a l fo VeVvt IITT 
for activating an ini-o«w serves as the "code" 

«chni,ue r:;rufran"r' " 

■■Huffn-.an Code" .,ev..-K , common na,,. 

= ordinary skill .rt^ - '''''' 'PP^c^ated by one 

be sulces^f^i:; e^^i;^^ ^^^^ -> 

:::i::rd:::r\:~i:..r ""^-"-^ - 

background: ' ~ '°ii9-ing example provides a genera: 
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Huffman codes consist of words made up of . stri„= „f 

present invention, tne symbols ere usually tinary di^.ts' 
in. code words may .av. variable. len,tn and tne spec-Il 

so that none of the longer code words start with the symbols 
that form a shorter cod. word. m accordance with the 
invention, to.en address fields are preferably (although not 
necessarily, chosen usin, .nown Huffman encodin, technf,ues 
Also in the pr.s.nt invention. the address fie.d 
pr.terably starts in the most significant bit ,„se, of tn'e 
irst word to.en. ,Mote that the designation of th ^ a s 

var ous"'d° """^-^ " accommoda . 

various designations of the HSB.) The address field 
continues through contiguous bits of 1..... 
If ^ ^ ' "'■^^ °' lesser Significance. 

han'one tT" ' "guires more 

oL -h. 1 ■ Significant bit in anv g.v.n 

word the address fioin tti^^ ■ ' 

Of the ne"t word significant 
f.eld is one bit. 

Any o, several Xnown hardware structures can be used -= 

ructure is a microprogrammed state machine. However kno-n 
..icrop,,„ssors or other devices may also be used 

•ith the "''" °' i" accordance 

-ith the present invention, is its adaptabilitv " 

unanticipated n.eds. ror example, if a new to.en ."s 

introduced, it is most li.ely that this win affect on-.-"; 

small number of pipeline stages. The most likely case ■ s 

-.-.at only two stages or blocks of circuitry are affec-.-' 

-■8 . -.-.e one block that generates the tokens in the - 

.-ace and t.le block or stage t,>,at has been newly desio-a'-- 

to deal With this new token. Not. that it .s' 

necessary to modify any other pipeline stages. Rather. t.- = .= 
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To L T ' "edification 

to their d„„„s b.=,use they vin not re=o,ni^e it end " ? 
accordingly, pass that to.en on unmodified 

This ability Of the present invention to 
substantially e^istin, designed devices unaffected has tV 
advantages. it may b. possible to l=» '"'"'"l "as clear 
Chios in , K possible to leave so»e semiconductor 

Chips in a. Chip set completely unaffected by a desion 
improvement in some other chips in the set Thi/ 
advantageous both from the perspectiv. '° 
that Of a Chip manufacturer 7v.n if ' 
«il Chips are affected by the design ch "' 

-comes increasingly u/ely s I s "rtegrl:""'"" 

«!n *w •'•^vexs or integration proaress 

so that the number of chine K^'-'y^^ess 
eriii K w °er Of Chips in a system drops) there win 

still be the considerable advantage of bett.. . • 

even in tnjLs case it- ie e-*- i i 
an existing design. ToKen decoded T t^V^'.^^ 
stages win attempt to decode the first wor. . ' 
and will conclude that it ^"^'^ " ^^'^^^ 

will rh.r, recognize the token it 

-ill then pass on the token unmodified usino th. 
^it to perform this operation correctly It JiH n T"'^"" 
to decode the second word of the r l' "^^"^^ 
contains address bits, because A Jui" 
second word is part of the data field of a t '''' 
not recognize. ^ ^ ^"'^^^ ^^^^ '^'oes 

= ircu"i:rT-"r' IV'^''^' "^^^ °^ ^ 
-rcuirry modify a token tk ; 

-=essarily, taxes the form of modify?;; thT '' 

t = >'en Tn ;,H^^.- f^oaifying the data field of a 

m .ne token to be modified eitho,- u 
-ords or by adding ne-. ones TZ^V'"'""" 
---.cved entirely from the to.en stream 
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In most applications, pipeline stages win typically onlv 
decode (be activated by) a few tok^n. • ^^^^^^^^^ 

II a tew toKens; the staae doee: r<««. 
recognize other tokens and passes th^m . 

^ passes them on unaltered. in "a 

lar,. number of cas.s, only on. toR.n is decoded, the datI 
3 Token word itself. 

in »any applications, the operation of a particular sta,e 

" te! Of tr" °' ^" operations. The 

state Of the stage, thus, depends on its previous states. 
In other words. the stage depends upon stored state 
-0 information, which is another way of sayin, it „ust retain 
son,e information about its own history one or more clo« 
cycles .,o. The present invention is well-suited for us. In 
Pipe nes that include such -state machine., stages, as we 
« tor use in applications in which the latches in the data 
P«h are simple pipeline latches 

The suitability of the two-wire interface, in accordance 

- th the present invention, for such ..state machin... circuits 

- . Significant advantage of the invention. This is 
especially true where a data oath i. k 

^-0 state machine. m thts """"^^^^ ' 

•techn.gue above-described ' interface 
••current state.' of th " 

-ch it .rc-ntr" it-grr ^V-„a" ^ 

::!tr: riLi;":v'r.,^A°" — - « - of 



Circuitry included in a pipeline ataoe V ^ °- 
address field Thi= "=r decoding a token 

..e Char.:: IstLs o ' T"^^"' "^'^ 

.=K.n includes an ..e^tlnlio:"". ZT^ ^ " ^ 

"::'t:::r "if"t*h " - r iVs^trV:; 

.... .oken. If this IS the last word of 

start of a ne 
>ded. The de 
not to decode the token address in 



-al.d data word is the start of 'a 'n':: t^U 'T"' 
:--s address .ust be decoded. The 21 therefore, 
no- ro • ^ aecision as to whethe- 

no. CO cecode the roken address in anv 

depends upon knowing the value of the or" • 

^ previous extension bit. 
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For the sake of simplicity only, the two-wire interface 
(with the acceptance and validation signals and latches) is 
not illustrated and all details dealing with resetting rhe 
circuit are omitted. As before, an 8-bit data word is 
assumed by way of example only and not by way of limitation 

This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage, it also decodes the 
DATA Token. At the point when the first word of the DATA 
Token is presented . at the output of the circuit, the signal 
■•DATA_ADDR" is created and set HIGH. The data bits are 
delayed by the latches LDIN and LDOUT, each of which is 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) 
Similarly, the extension bit is delayed by extension bit 
latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to store ^he 
nosr recent state of the extension bit. The value of -He 
extension bit is loaded into LEIN and is then loaded in-o 
LEOLT on the next rising edge of the non-overlapping clock 
Phase signal PHI. Latch LEOUT, thus, contains the value of 
Che current extension bit, but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV, however 
loads this extension bit value on the next rising edge of the 
Clock Signal PHO. that is. the same signal that enables the 
extension bit input latch LEIN. The output QEPREV of the 
latch LEPREV, thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the inverr^.n 
Q output, plus the non-inverted MD r 2 j , of the latch LDIN He 
combined with the previous extension bit value QEPREV in a 
series of logic gates NANDl, NAND2, and NORi, whose 
..oerations are well known in the art of digi.al design. The 

designation "N_.MD:.t.; indicates the loaicai <^ . ■ 

_e -"-ogicai inverse cf tit - 

= the nid-data word MD''":C" t:=,«„ • 

t-sing known techniques c: 
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Bc,ol«„ algebra, it can b, shcun that th. output si,„al SA 
fro„ this lo,ic blccK ,tbe output fr=„ nor., i3 „i=„ Ta"." 

data -ors at tha output of the non-invertin, o latch (the 
..,.nal .hput .or.> .0I« has the structure ..COOOOl.... h, 
xs, the <.ve hi,h-order bits «D,7,-mdo, bits are all ..O" and 
h, bit HO,., is a ..l" and the bits in th. Zero-one positions 
have any arbitrary value. 

There ara. thus, tour possible data words (ther. are four 
Permutations of that win cause SA and. th.refore, the 

output Of the address signal latch LADOR to whose input SA is 
connected, to become HICH. i„ other words ^ '= " ^ = 



w^w^HL. xn ocner words, this ^r;^r.^ 

provid ^ only Whan 

Of the four possible proper toKens is presented and only when 
1= the previous extension bit was 



J... . J - zero, that is, the previous 

ords. Which neans that the current token word is th. fi-st 
one m the current token. 

-C ,r "f""^^ i= the value 

o a ne. token. The gates na»d1, nandj and NORi decode the 
DATA token (OOOOOlxx, . This address decoding signal SA is 
however, delayed in latch LAOOR so that the signa! oata a OR 
; has e sa.e tiding as the output data CUT.OATA and o..\^T 
Fi9- ' is another simple example of a state " . ' 
Pipeune stage in accordance with' the present i v^r rr 
-h ch generates the signal LAST.OUT EXTN to indicate -'he 
va ue Of the previous output extension" bit OUT Ext; on." 
_ -he .wo .nablin, signals ,at the CK inputs, t'o the present 
•- a.-^d last extension bit latches, ,eout and l^nr- 
respectively, is deriv.d fro. the gate ANDl such that" 

,s bei.-,, accepted ,the Q outputs are HIGH frcn 
^--put validation and acceptance latches LVOUT and • 



ese 
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9«es .....^ input s"riV °" 
acceptance s„nLs an.Tne l^^'l"! 

-ey in w.icn tne ,etes .^ol. .nV'xHV^;/ ,;V::"r" 

^"m'::: " "^^^ -VuL " ' ^ 

Altnou,n tnis is en extrenely simple exe^ple of e "state 
dependent" pipeline staqe i » ■ . scate- 

="te o£ only a Single !u : " " °" 

letcnes holdin, state In^r' ' '"-"l^/ "ue that aU 

-ta .s actuei%ra;s7.re:r«:n"prper"" 
other .ords, only when the data is 
accepted .y the next sta,e Aocord.n , " 
" ens.e that s.oh latoLs arCpr; .VsVt 

p.e:::tTn:rnrn :l 'T' 

-=-n encodin, teen :u.s"Z .a::""" 

pipeline. transfer through a 

first, the tokens, as described above alio. 
length address fields (and , for variable 

example, to provid^ J"' """"" 

tokens. "fiCient representation of coo^on 

aii'rrhe ^Tri::":"" " - ^ 

token) to be processed 

manipulative trlnsferr ""'"^^ (including si.ple no„- 

transfer) , even if rn^ rrs\^^^ • 
6/ the token decoder circui, ""'nized 

-"ird, rules end h h ' PiP=""« =ta,e. 

-nreccn.ed tokens .tClr T""""" 

ailov communication between on ' °" ^ 

"at IS not its n.. ^ downstrear, stac, 

its nearest neighbor in the pipeline. This a:..- 
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increases che expandability and etiicient adaptability of -h 
pipeline since it aUc.s for future changes fn tn. ? . 
-.out recuirln, lar,. scale redes i^ninr:;"!;"^ 
pipeline sta,es . The token, of the present i ""'='"■3 
particularly useful .hen used in con,:":!:: tT:::"."' 
-ire interface that is described above and below 

As an example of the above. Figs, aa and ' 3b taken 
together ,.nd referred to collectively below as " 
depict a block d.agra. of a pipeline stag, whose function s 
s follows. If the stage is processing a predetermined tok n 
-known this example as the DATA token, , then .t will 

Plicate every word in this token with the exception of he 

k 7; :„"th '"T" " 

ccher-kind Of token " t^Iiull't" " 

ef'ect is th,, " """^ overall 

o d w thi'nVhett^r"'. 
^ ra withm these tokens xs repeated twice. 

-.raL^is'tUr^eVir^;;""?""^ - 

Shown in rigs. 4 6 and , - 

advantage More oono, illustrates a significant 

tage. complicated pipel ine stages wil 1 «i- , i , 

tne sa„e benefits of flexibility and el«ti=itt s " 
sa.e two-Wire interface may be used with u^tle" 
adaptation. little or no 

^:::^=:::::s:":i::ror :nfe:e:: - 
::::::::::n"Vhrs^.:;:r.;"- - - 

a stage that can form" " He:::" T:":'"' 
according to this embodiment wUl^U/^^r^^:- ''"""^ 

rela- takes a 

creat" s Ire da'ta^r """" " 

ore data in the pipeline than it receives This 

example also illustrates that the two-wire acce^/vai:: 
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interface accordin, to this embodiment can be adapted v,,- 
"Sily to different applications. 

The duplication sta,. shoun in ri,. 3 also has two late. 
L.IN and LEOUT that, as in the example sho-n in . 

e state Of the extension bit at the input and at th 'o 
Of the stage, respectively. As Fi,. Sa shows, the - 
extension latch L.I« is clocK.d synchronously with the no : 
data latch tDIN and the validation signal IN.VALID 

For ease of reference, the various latches included in the 
duplication stage are paired below with their respect.! 
output signals: Feci.. 



LUll\ """^^"'i- ="9.. the output fron, the data latch 
tCIN forms intermediate data referred to as „ID DATA Th" 
intermediate data word is loaded into the data o'utput laLh 

" J:-p;:""f" slgna/aabe ed 

•IID.ACCPT" in Fig. Sa) is set HIGH. 

The portion of the circuitry shown in Fig. a below the 
"ded to the .basic pipeline structure to generate the various 
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internal control signals used to duplicate data. These 
include a "DATA.TOKEN" signal that indicates that the 
circuitry is currently processing a valid DATA Token, and a 
NOT_DL-PLICATE signal whxch is used to control duplication of 
data. When the circuitry is processing a DATA Token, the 
NOT.DUPLICATE signal toggles between a HIGH and a LOW state 
and this causes each word in the token to be duplicated once 
(but no n,ore times) . When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLlCATE signal is held in a 
HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

AS Fig. 8a illustrates, the upper six bits of 3-bic 
intermediate data word and the output signal QIl from the 
latch LIl form inputs to a group of logic gates NORl , N0R2 
NAND18. The output signal from the gate NAND18 is labeled 
Si. Lsing well-known Boolean algebra, it can be shown tha^ 
the signal SI is a "O" only when the output signal Qii is I 
1" and the MID.DATA word has the following structure- 
"OOOOOlxx", that IS, the upper five bits are all "O", the bit 
MID_DATAt2) is a "l.. and the bits in the MID DATA:"^ and 
MIO.DATACO, positions have any arbitrary value." Signal sT. 
therefore, acts as a "token identification signal" which is 
ow only When the MID.DATA signal has a predetermined 
structure and the output from the latch LIl is a "i" The 

::::::r°bei:r "^^^ — - — - 

Latch LOl performs the function of latching the last value 
Of the intermediate extension bit (labeled "MID EXTN" and as 
signal S4,, and it loads this value on the next" rising edge 
Of the clock Phase PHO into the latch LIl, whose output ^s 
the bit Qli and is one of the inputs to the token decoding 
logic group that forms signal SI. signal Si, as is explained 
above, may only drop to a "O" if signal QIi is a "i" (and 

the MID.DATA signal has the predetermined structure, . Signa' 
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SI may, therefore, only drop to a "O" whenever 
extension bit was "o- i r,^ ^nenever the last 

oat was 0 , indicating that the previous toiro^ 
ended. Therefesj-e w-rr. ^ H^evious token has 

inererore, the MID DATA word is the fir-^- 
m a new token. ~ ""^^ '-^ord 

' The latches L02 and r r-j ^-^ .w. 

^'-'^ ana LI2 together with the mamh 

Bool.l , : techniques of 

Boolean al,e.ra, that in tni= situation th.s. ,aces 

wi^ rron the output of latf-h rr-, i ■ 

t-ho„ P ^ or latch LI2 is inverted in NAND20 and 

swnaX S2. In this case, there are t«o looical 

^^-"^"-Torrth:-.;::-:: Ta™ -v^- 

r.hether .0 or' " V "".roK^N .iix retain i„ sta.e 

Signals PHO and PHI ar. = 

respectivel,. The vaf , ' ' ""O^ 

*-'-xvt-xy; . xne value of data rovrM 

one or both of the «^ ' , DATA_TOKEN can only change when 
ootn of the signals Qii and si are "O" 

-nev .he „o_o.. ....i ^ ^^^.^^ 

""J. thus, includes the address field for the token, 
this situation, the signal si „ay .e either • 0^ r ! i' Is" 

indica s : ZTzt rrT" ^"^^ ---- 

structure , „h "'O-DATA word has any other 

-t a olx, ToCrT ^= 

uMiA Token), SI will be "1". 



68 

If QIl is "0" and si is "i 



"Ken ot«„ . OATA To.en."' T's ten".'" 

Of digital electronics th. . 7 " "^"^ ''"l=i 

. s.A«. ,ete ^a.^::' Tn^.t^'t:::";.;' - - 
' "c..Teirri r r- - "■■r^'r'r 

start or the next P« cLc. I " 
ne next PHI clock phase and the DATA TOKrM . 

Will becone ..o.., in.icatin, that the rcultr^ i/'" 
processing a DATA token. circuitry is not 

1>3 If QIl is "0" and SO is "O" tho^ u 

token th^n ■ 0 , thereby indicating a DATA 

token, then the signal S2 will be "i" frea^^ni 

other input to nand?, ^ f regardless of the 

result ° ^""^ °"^P"^ °f NAND20). As a 

result, this "i" valuo u/i i i ^ . ^-'^V- as a 

start Of th. next PHl cr . " 
1^ wui beco„e " OATA.TOKEN signal 

a OATA toKen. ■ =--itry is proc.ssin. 

The NOT_DUPLICATE signal (rn^ 
Similarly loade* into the latch L» """^ ^ = 

= 1 Clock PHO Th. " = " "^i"' »=I9^ 

- .3 co.bi„e. -:::\hr::tr'si;r 

form the signal S3 as ho^ * "'^^^ ^"^^^^-^ 

" sho. thai th."si,:.r;r"'/!:!";„ - 

Signals ,1, ana 013. have the value ..i^ ^!"!" °' 
becomes a "O" that « • if the signal Q12 

» the si,„al S3 hecoVes a ZWT" " ' 

a valid DATA TOKEN ,51, . ' " " 

duplicate (QI3 . 0, th . " ^ 

Assume Z thal'th " 
-re than one ci=" s^a 1"*:°''" ""'^^ 
^° (30,, .s "ted bac" to th , " "° «°T-O0-PLICATr sianal 

tea oack to the latch LI3 and will h« • 
the gate nand 24 (since its orh.. ■ inverted by 

output Signal 003 wi 1 ^^'^ ""'"'^ ' 

th«^^ toggle between "O" and i 

there is no valid DATA Token, however, the sian.Tor, ' " 
a "0" . ® Signal QI2 win r« 

. and the si,„al s: and th. output ,03, win p, 
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25 
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HIGH until the DATE_TOKEN signaj once aaain 

The output Q03 (the MOT DUPLICATE siana I, ^ 
an. .3 co...ne. ..th the ou'tput ..IVr l^' 
-I.v .n a se..es o. logic gates (^^^01^ an. T;.;;" 
together for. an AND gate, that ha-ve as their out 
onl. hen the signals 0.1 an. .03 .oth h^^: 
AS Fig. 8a shows, the output from the AND oate ' 
.A.D1S .ouowe. the gate iKVie) also .Is \he a ce;.!::: 
signal. IN.ACCEPT. which is use. as .escribe, a.ove T ^ 
cvo-wire interface structure. ° e in the 

The acceptance signal IN ACCEPT is also u««h 

■■«ult, i£ the NOT_DUPLICATE si,nal is low ll 
Signal x«_.ccErT WIX also lo" ° 7 T 

.OT_DLPLICATE signal becomes HIGH. This is in add , r 

regu.re.ents .escribe, above .or forcing the out t^^.j: 
the acceptance latch LAIN high. ' 
20 AS long as there is a valid DATA TOKEN (the DATA TOK- 

sxgnal Q02 is a "i..,. the signal Q03 w'iU toaole bT 
HIGH and LOW states Z toggle between the 

ov«>r-\.- =wuept aata, at most, durina 

every other complete cycle of k«,.k , , curing 

■ cycle Of both clock phases pho phi 

^^^e additional con.ition that the following staoe J 
to accept .ata < ^ • ^^owxnq stage be prepared 

ept .ata. as in.icated by a "HIGH" OUT ACCEPT signal 

Will thereT"' "^i^fied. The out'put latch LOOCT 

OUT DATATo/rt' - 

= , °' " ^"^^ ^^-'^ cycles. The OUT VALr. 



" accept dete, ,s indiceted by . "hich" octt ACCEPT si=n,, 

""^y there is both a va i ; h 

DATA TOKEN f0O2 HTrw* » ^ ^ valid 
HIGhT ^""^ validation signal QVOUT xs 

to mi'd ■•^'^^^ corresponding 

• -^«T., xs combined with the signal S3 in a series of 
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25 



logic gates {iNVio and NANDio» i-« ^ 

presentation of a DATA Toten k " ' '^"^^"^ 

repeated by loadinp .t " "^"""^^^ 

actxon Of NAMO^o . 3?.na; • " ^° ^ " 

to for. OUTZXTN at thV " 

LE0r';he'r ' - ^o-^ed into 

LEOUT, the associated OUTEXTN will- be forced hiah k 

on the second occasion. OUTEXTV win h ' 
s.gnal QEIN. Now consider the situation d' 

-ord Of a toRen in which OEIU il l '"^^ """^ '"^'^ 

f-st ti„e MID DATA is . '° 

"1" and H " OUTEXTN will be 

1 ; and during the second time, OUTEXTN win h ' 
indicating the true end of the token °"' 

co/biL:":::: triigr ori;^^ - 

and NAND12, .oTorA 3 .n^l sT^rs — 
techniques, it can be shown that t. ^"^ 
-n the validation signaT Vx^" " " "^^^^ 

is low (indicating that tl d I 
Signal S5 is loaded into T " ^ duplicate). The 

same time ttt 7.1 ^/^^^^l V"^^"^ "^^^ ^^^^'^ " 
internediate extension bit (signal s. T 
Signal S5 is also combined .7:: ,,: ::'T" 
token signal) in the Ic^ni. ^ ^^ta 

«j in the logic gates NAND30 and INV30 r« p 

output validatinn =i , inv30 to form the 

aiiaation signal OUT VALID. as = 
earlier, OUT VALTn i ut^.^ ~ mentioned 
. wui__vAi,iD IS HIGH only when th«.,-» .• 

and the validation ^ ^°»«en 

aiiaation signal QVOUT is high. 

.^n the present invention, the MID ACCEPT , , 
conbined with the signal S5 in . . ^^-^^^^^^T signal is 
(''^-;D26 and INV26) tha. < " °' '°''= 

- ^orm a signa . ..a/" well-known AKD function 

-^gnals to "^^^ " °' enabling 

is to the latches LOi, L02 and L03. The signal S6 rises 
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When Che MID.ACCEPT signal is HIGH and when ei-h. 
v3u.ation s.,„ai is hi,h, „hen .he CoKen I 

duplicate „n is a ..o", . i, the signal „io ACCEPT .s „ 
.^e latches .Ol-.o. wUl, therefore, .e enable, when -he 

dupucate"" " "^''^ " - ' 

From the discussion above, on. can see that the stao. 

between stages under the control of the validation ,nd 
acceptance signals, as in previous embodiments, w th the 
exception that the output signal fro™ ,s 

at the input sfde is":^: ned witr^tre^ng^ir^ 
"P^i—on Signal so that a data word win be output" c! 
1= before a new word win be accepted 

cours! T"" " INV16 nay of 

case a " eguivalent logic circuitry ,in :J 

case, a Single AND gate) simii^^i J' ^ " ^-t-s 

^VIN. for examol/ ! ^'""'^^^y' latches LEIN and 

tor example, .have inverting outouts t-ho 

-~r; t7t:, r„v:::inru-ro: tts.--- - 
>^ .Its wriPs":: bTd:::^::::- --^^ - 

on. Should not. that the duplication function that the 

Of the word and "O's" in rh*. ^- . Position 
0 -our^ ° ° s xn the five high-order bits. (of 

s'! ect" --^^ -anged and set .v 
s-lecring other logic gates and interconnections other chan 
the NORi, N0R2, NND18 gates shown., 

in addition, as Fig. a shows, the OUT VALID signal will 
forced low during the entire to.en unles's the f irl. data 
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has the structure described above. This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted from the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
5 OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
10 upstream validation latch to be forced low on the next clock 

□ cycle. 

;^ It Should be noted that in the example shown in Fig. 8, 

""-4 

vj the duplication of data contained in DATA tokens serves only 

as an example of the way in which circuitry may manipulate 
15 the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 

□ purely as an illustration of the way in which circuitry may 
!n manipulate the VALID signal to remove data from the stream. 

20 In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 
25 timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 
30 the stage and is duplicated. 
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Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 
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aspect of the present invention. 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
the input latches 34 is passed as a first input over line 3 5 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36. A second output from the token decode 33 
is passed over line 40 to an action identification unit 39* 
The action identification unit 3 9 also receives input from 
registers 43 and 44 over line 46* The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received. The 
output from the action identification unit 39 is passed over 
line 38 as a third input to the processing unit 36. The 
output from the processing unit 3 6 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42. 

Referring now to Figure 11, a Start Code Detector 
(SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 
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The output froB the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64. 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
5 over line 65 to an arithmetic logic unit (ALU) 66. A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 66 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 
10 is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
^0 output from the second FIFO 73 is passed over line 74 as a 

first input to an inverse modeller 75. A second output from 
M 15 the T/F 71 is passed over line 76 as a third input to the 

DRAM interface 58. A third output from the DRAM interface 58 
ry is passed over line 77 as a second input to the inverse 

f modeller 75. The output from the inverse modeller 75 is 

f2 passed over line 78 as an input to an inverse quantizer 79 

M 2 0 The output from the inverse quantizer 79 is passed over line 

80 as an input to an inverse zig-zag (IZZ) 81. The output 
from the IZZ 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
2 5 shovn) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 83 (shown in Fig. 11) . As a first output from 
30 the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 
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data i6 passed over line 95 to a FIFO 96* The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
suxnner 98. The output from the address generator 94 is 
passed over line 99 as a first input to a DRAM interface 100. 
5 Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 

10 summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 

15 selector 106. The output from the output selector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork ill receives 
input from the output selector 106 (shown in Figure 12) over 

20 line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114, 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 11,6. As a second 
output from the fork 111 the data is passed over line 117 as 

25 a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

30 It will be apparent from the above descriptions 

that each line may comprise a plurality of lines, as 
necessary . 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is encoded as one or more slices 132. Each 
slice 132 is, in turn, comprised of a plurality of blocks 
133, and is encoded row-by-row, left-to-right in each row, 
5 As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.261 
standards, the Common Intermediate Format (CIF) is used, 
10 wherein a picture 141 is encoded as 6 rows each containing 2 
12 groups of blocks (GOBs) 142. Each GOB 142 is, in turn, 

v3 composed of either 3 rows or 6 rows of an indeterminate 

number of blocks 143. Each GOB 142 is encoded in a zigzag 
1=^ direction indicated by the arrow 144. The GOBs 142 are, in 

J:^ 15 turn, processed row-by-row, left- to-right in each row. . 

iU Referring now to Figure 14c, it can be seen that, 

f for both MPEG and CIF, the output of the encoder is in the 

form of a data stream 151. The decoder receives this data 

M stream 151. The decoder can then reconstruct the image 

rn . 

20 according to the format used to encode it. In order to allow 

the decoder to recognize start and end points for each 

standard, the data stream 151 is segmented into lengths of 3 3 

blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
25 representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H,261 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats. 

Referring now more particularly to Figure 16, there 
is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTXJRE_START token 162, first picture information of 
indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
PICTURE_START token 166, second picture information of 
indeterminate length 167 , and a second PICTURE^END token 168 . 
The PICTURE_START tokens 162 and 166 indicate the start of 
the pictures 161 and 165 to the processor. Likewise, the 
PICTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

Referring to Figure 17, a split 171 receives input 
over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 180 
as a first input to a summer 181. A second output from the 
split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 185 to a 



%nrite signal generator 186* A first output from the write 
signal generator 186 is passed over line 187 to the DRAM 
interface 17 6* A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 176 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shovm in Figure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 2 01 is 
passed over line 202 as a first input to a summer 203 . A 
backward picture 204 is passed over line 2 05 as a second 
input to the s\immer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
X 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
x 16 block of pixels. One chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) • Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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value register 221 receives image data over a line 222. The 
line 222 is eight bits vide, allowing for parallel 
transmission of eight bits at a time* The output from the 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output from the decode register 
224 is passed to a detector 225 over a line 226* The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an image which corresponds 
to a standard-independent start code of 23 ''zero'* values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 226. 

A second output from the decode register 22 4 is 
passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232. The line 232 is fifteen bits wide, allowing for 
parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 
235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236, The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 236 
is fifteen bits vide, allowing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to* 
tokens converter 234 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12*3 of the Users Manual. ^ The token images 
generated by the index-to-tokens converter 234 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21, a data stream 241 
consisting of individual bits 24 2 is input to a Start Code 
Detector (not shown in Figure 21) . A first start code image 
24 3 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 245, which 
overlaps the first data value image 244 at a length 24 6. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 254. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . • A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number iaaga is passed over a line 259, an insert 
inage is passed over a line 260, and a replace image is 
passed over a line 261. The data from the flag generator 251 
is passed over a line 262a. A header generator 263 uses a 
5 look-up table to generate a replace image, which is passed 
over a line 2 62b. An extra word generator 2 64 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 
10 latches 265 pass data over a line 266. The line 266 is 
fifteen bits wide, allowing for parallel transmission of 
i;3 fifteen bits at a time. 

The input valid register (not shown) passes an 
si image as a first input to a first OR gate 267 over a line 

5;^ 15 268. An insert image is passed over a line 269 as a second 

fin input to the first OR gate 267. The output from the first OR 

gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 

2 0 gate 27 0 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 

25 output accept latch 275 is passed to an output accept 
register (not shown) over a line 276. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 

3 0 register is passed as a second input to the second OR gate 
• 277 over a line 279. The remove image is passed over a line 

280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an insert inage is passed as a second input to the second AND 
gate 281 over a line 283. The output fron the second AND 
gate 281 is passed over a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 254 . 
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TABLB COO 



Image Received 
SEQUENCE START 



Tokens Generated 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 



1. 



H.261 



MPEG 



PICTURE START 
(None) 



JPEG 



2. 



H.261 



(None) 
(None) 
(None) 



PICTURE END 



MPEG 



PADDING 



JPEG 



FLUSH 



STOP AFTER PICTURE 



As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection of 
an image by the Start Code Detector 51 generates a sequence 
of machine independent Control Tokens. Each image listed in 
the ••Image Received** column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated^' column. Therefore, as shown in line 1 of 
Table 600, whenever a "sequence start^' image is received 
during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 
control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 36 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 

As shown in line 1 of Table 601 which shows the timing 
relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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»u=t .e stored in tr.nsnU.ed in a 

different order. I-. is useful to be,in tne .n.lysis fron .n 
intrafrane (I franei Th. n « 

. traoe). The II frame is transmitted in the 

LI:, p. ='-Pi'y-='. The „e« predicted frame cP 

frame, P4, is then transmitted. Then, any bi-directional v 
nt.rpolated frames ,B frames, to .e displayed bef.een the 
ZTl, rl"""' transmitted, represented by frames II 

ahd B3. This allo-s the transmitted B frames to reference a 

'b"c"°::d T7 prediction, or a future fra„e 

(back.ard prediction,. After transmitting all the B frames 
" be displayed between the II frame and the P4 frame the 
next P frame P,, is transmitted. all the B frames to 

be displayed between the P, and P, frame, are transmitted, 
correspondih, to B5 and B6. Then, the next I frame, no is 
transmitted. really, all the B frames to be displ yed 
between the P, and 110 frames are transmitted, correspond 'no 
-o frames Be and B, . This orderin, of transmitted f-a-es 
requires only two frames to be k.ot in 

-i-. »„H J ^ memory at any one 

-1...., and does not require the decoder to wait for the 
transmission of the next P frame or I frame to display an 
interjacent B frame. ^ 

as 'we"r as "IrV"" "* operation, 

-en as the features, objects and advantages, of -he 
...vention will become more readily apparent to one of 

e ::::: - . "ditT^ni 

detailed description of illustrative embodiment of t.e 
^ZST °' ""^^^ cohvenlenc. o 

Multi-standard Configurations 
JPEG Still Picture Decoding 
Motion Picture Decompression 
RAM Memory Map 
Bitstream Characteristics 
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17 
13 



15 20 
21 
22 



25 
26 



Reconfigurable Processing stage 
Multi-standard Coding 



6 . 

7 . 
3 . 

9 . 

.10. Tokens 

11. DRAM Interface 

12. Prediction Filter 

13. Accessing Registers 

14. Microprocessor Interface (MPI) 

15. .^1P^ Read Ti.-ning 

16. MPI Write lining 
Key Hole Address Locations 
Picture End 

19. Flushing Operation 
Flush Function 
Stop- After-Picture 
Multi-standard Search Mode 
23. Inverse Modeler 
2-;. Inverse Quantizer 

Huffman Decoder and Parser 
Diverse Discrete Cosine Transformer 
27. Buffer Manager 
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1. NULTZ-8TAKDARD COMTZOORATIONS 

Since the various compression standards, i.e., JPEG, 
MPEG and H.261, are veil )cnovn, as for example as described 
in the aforementioned United States Patent No. 5,212,74 2, the 
5 detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 
10 of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 

0 operating alone, or the serial output of a spatial decoder 
J;^' and temporal decoder operating in combination, (as 

subsequently described herein in greater detail) and 
?f 15 reformatting this output for use, including display in a 

computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
p display selected. 

t"; 2 0 In a first embodiment, in accordance with the present 

1 y 

H invention, as previously described with reference to Figures 

H 10-12 an address generator is employed to store a block of 

formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 
25 Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 
3 0 of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the DRAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 
Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture • 

The Temporal Decoder reduces the redundancy between the 
subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide an 
address decode network which handles the complex addressing 
needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 
which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 
interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 
Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, the inverse zig-zag 81 and the inverse 
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DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12, the standard- 
5 independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H,261 and in MPEG, and 
the prediction filter 103, which is reconfiqrurable to have 
10 the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
N independent of the standard. The only items that are 

15 affected by the standard is the way the data is written into 
O the DRAM in the case of H.261, which differs from MPEG or 

^ JPEG; and that in H.2 61, it is not necessary to code every 

single picture. There is some timing information referred to 
H as a temporal reference which provides some information 

2 0 regarding when the pictures are intended to be displayed, and 
fU that is also handled by the address generation type of logic 

in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
25 up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 
30 recognize different start code patterns in the bitstream for 
each of the standards. " For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, i^s operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
5 three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 

10 affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.261, JPEG, MPEG and one other, where the parser enters a 

15 piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.261, one program is 
running, and when a different program is running, there is no 

2 0 overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The- next unit is the Huffman decoder 56 which 
functions with the index to data unit 64. Those two units 
cooperate together to perform the Huffman decoding. Here, 

25 the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 

30 of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 
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and issues ^he correct command to the Huffman decoder at 
different times consistent with the standard in operation. 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards- In this regard, a 
CODING_STANDARD ^oken is decoded and the inverse cjuantizer 79 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event, but 
before another COD I NONSTANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse cjuantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H,261, differs 
for each of the subsystems sho%m in Figure 12 and Figure 13 . 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one line into the next line, c. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 



A group of blocks is three rows of macroblocks high by eleven 
macroblocks wide. In the case of a GIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other. Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. In H.261, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
with the latter affect- That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.261. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.2 61 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 33 blocks (see 
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Figure 14c) group of blocks which is one macroblocK high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG* 
5 There is a correspondence in the way that the 

circuitry is designed between an H.261 group of blocks and an 
MPEG slice. When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of blocks is preceded by 

10 the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every 11th interval. When it counts to the 11th 

15 macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to 11, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 

2 0 present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 

25 appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 

30 circuitry selects a different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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. TPrc set. Note chat there is a nuch 

set. ^n.MPEG set and a JPEG ^^^^ 

..eater overlap between the H'^^^^se^^ ,,ere is a 

are quite common in ^^^J^ ^^^re is no overlap 

compression standard ^"^^P*'^;" „„,„«r 
independ.n., and such ^„ „nlts that 

COOING.STAHOARD .s be.n, P""" compression standard as 
„e standard --P-""\"7"J, \y t«m. information 
..e cOOINO.StASOARO """^^J 3„„,„d is distributed 

encoded /d.codsd in a tir ^^.^^ changing standards, 

through the machine, ana control would normally 

p,io. machines under .".^ compression 

Los. to perform in ,.„e„tes signals 

..andard. The ^ -t^XceV :ithi: the machine that 

s-.ating in multiple ditferen P changes 

- rat: ih^tdTtr:,■ may nusn the pipeline 

at different times and, in 

cnrough. invention, by issuing a change of 

in accordance with the ^^^^ detector that is 

CODING_STANDXRD tokens at the ^^,^3 change of 

positioned as the first unit in J ^ 3,^3 a 

3 impression standard ^ ^^^^ ^n and that control 
certain coding standard is beg „,f,gures all the 

information flows down the machin ^^^^ ^^.^ 

other registers at the appropriate time. 

program each register. , , now to form predictions 

The prediction token signals ^n which 

.sing the bits in the ^^""""^ J^,,,,, translates 
compression standard is operating. from the 

the information that is found in the Sw ocessing is 

sitstrean into a prediction node token. 
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perfo^n^ by tne Huffman decoder. and parser state .achxne 
Where xt is easy to manipulate bits based on certain 
condxt.ons. The start Code Detector generates th.s 

preo.ct.on node token. The token then flows down the .ach.ne 
to the circuitry of the Temporal Decoder, which xs the dev.ce 
responsible for forming predictions. The circuitry of -.h^ 
spatial decoder interprets the token without having to kno-w 
what standard it is operating in because the bits in it are 
invariant in the three different standards. The Spatial 
Decoder just does what it is told in response to that tok-n 
By having these tokens and using them appropriately, the 
design of other units in the machine is simplified. Although 
there may be some complications in the program, benefits ar» 
received in that some of the hard wired logic which would be" 
difficult to design for multi-standards can be used here. 

2 . JPEG STILL PICTURE DECODING 

AS previously indicated, the present invention re-a-^s 
zo Signal decompression and, more particularly, to t.^e 
decompression of an encoded video signal, irrespective of the 
compression standard employed. 

one aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder) to decode a first 
encoded signal (the JPEG encoded video signal, in combination 
With a second decoder circuit (the Temporal Decoder) to 
decode a first encoded signal (the MPEG or H.261 encoded 
Video Signal, in a pipeline processing system. The Temporal 
Decoder is not needed for JPEG decoding. 

In this regard, the invention facilitates -he 
decompression of a plurality of differently encoded signals 

through the use of a eir,«i» ■ •, • 

or a single pipeline decoder and 

decompression system. The decoding and decompression 
Pipeline processor is organi2ed on a unique and special 
configuration which allows the handling of the multi-standar= 



encod« -video signals through th« use o, . k 
compatible with tn. sinol. , techniques eu 

syster,. The Spatisl'eoL " P"c.ssi„, 

Decoder, ahd the . , ' " " 

-ideo Formatter is used in drivi nr, , 
display. ari/ing a video 

Another aspect of the invention is the use of 
combination of the SDai-i»i n ^ ^ ^ne use of the 

^or use With Ohirstm p" ^"""--^ 

--p.nd.ht speti. o.:ode\"" er.:r"s"r "r"jrtr 

Picture data which 's o. "'-'■"Pression of the internal 

distributed w'ht asrocrtV'/r "^""' " 

="ndard independent address Ve„.ratio„ :i ' 
the storage and retrieval JT.f handling 
S.iU Picture data i decoded atThe oV"" 
Decoder, and this outn.r ^""^ °^ Spatial 

=^^ndard. =onf i;: J:::-.::/™ r — 

rr- ----- ^ ^^.^^n^r:: 

-e spatial Decoder 7s orreTa"" " ^ 
-e Picture reaches :he^:t;uTo^^:^^^^^^^ 

second sequence of pictures 'v . ^ " 

r,^-..— --- Pictures may have a totally different 

■ferent length when 
all such second 

by the time such picture. ' '"^ same- length in bits 

Decoder. P^^^^es reach the output of the Spatial 



c™:d\7thr.rr"i- ------r*:::: 

s.,uence o. siriar'p-rtutr Tre JlT ^ 



Another aspect of rh*. ; 

^ncomih, Standard dependmtl: " """'"^ 
ccntrol tokens and DATA to.e " ° °^ 

plurality ot tokens, m conbination with a 

P-=essing stages n~;'rnr'"°"" -configurable 
srandard-independent . ■ ^^5*"^"'^ to act as a 

dent, reconfigurable-pipeline-processor. 
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With "no- IV " '''"<'-5- • 'in,le Spatial Decoder 

with no Off Chip DRA« can rapidly decode baseline jp-r 
-a,es. ^^^^^^^^ features : 

basei,„, standards. However, the .Jlje sj 

that can be decoded may be limited by the size of th. 

rrdor"""- ^^-^-^ °- n:::::: 

a random access memory circuit, having m.chxne-dependent 
standard independent address generation circuits for hand n, 
the storage of information into the memories 

As previously, indicated the Temporal Decoder is not 
required to decode JPE=-encoded video. Accordingly, signals 

Oell^e'r ''n"" tie t.mp'o.a 

Decoder without further processing when th. Temporal Decoder 
is configured tor a JPEG operation Decoder 
Another aspect of the present invention is to provide in 
Che spatial Decoder a pair of memory circuits, such as buffer 
memory circuits, for operating i„ combination with -h! 
H f man decoder/video demultiplexer circuit („D . VD.M, . 1 
fir. buffer memory is positioned before the HD , VDM and a 

HD .DM decodes the bitstream from the binary ones and .erol 
that are in the standard encoded bitstream and turns such 

Of the two buffer system is for implementing a multi-standard 
ecompression system. These two buffers, in combin t on „ „ 

descrlVd nV" ^""^'"""^^^ Huffman decoder, a e 

described hereinafter in greater detail 

declpriisi °' -Iti-standard, 

Oet.::or ci " combination of a Start Code 

buffer 1 P-itioned upstream of the first forward 

buffer operating in combination with the Huffman decoder 
deal mr":* °' ""'^ "---ation is increased flexibility 

be added to the bitstream. The placement of t.-.es. 
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ident*^^<, componenrs. start Code Detector 
and Huffman decoder enhances the han.;' 
sequences in the input .itstrea.. °' 
.n addition, off chip DRAMs are used for h 
= encoded video pictures in real time The 

the buffers used with the OrIms Jill d '"'^^ °^ 

encoded data rates. ^"'^"'^ °" "^i^-o 

The coding standards identify all of the . 
dependent types of information that is nec« "andard 
:o .n the DRAMS associated with the Scat T"' '^^^^^ 
standard independent circuitry ' "^^"^ 

3. MOTION PICTURE DECOMPRESSION 
In the present invention if 
decompressed throu,h the steo/ 7 ! 

IS --PO"i Decoder is nec/ary ^L T ° 

the data decoded in the , . """"^ 

^aeQ m the Spatial Decoder t^,^^^ 

previously decoded, that are intended , . P^""-^"- 
Before or after the "tended for display either 

temporal Decoder Zj^VT """"^ 
- information to identif this^'T "'"^ 

infornation. The Temporal Decoder i """=°"^^>'-''"Pl«" 
temporally and sp.tiallv I , "cianiaed to address 

combine it r;\\"ra crtrr/cT""' -^^-^^ 

located in one picture „ith th. "° information 

:5 decoded and endino with """"" currently Bein, 

and is suita. e fl ^r'n' ^= 
drivin, th. display screan "t" '"^^ '"^"""^ 
picture can be stored fir ^ k *'"""i^«'>'' resultant 
Of subse,uent pictures ""P="i ^ecodin, 

° Bet..::";rcti:,;VitT'"" ^-^-^ ^ 

reference to the o ^" "-h 

Temporal Decoder reintrod" 

-thin th. coded represent"" ^= 

"presentation of the picture, because it is 
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redurfdant and is 

IS already available at ^K« ^ 
specifically, it *s vra^.^^ . decoder. More 

co""^n .rr. -en"':/";,::"'" 
■ ^ ::::::: r- — "--^^ :::u:r^ 

OecoJr \T'" °' invencion. th. Temporal 

decompressed output ir.fl 

Decoder is stor!. P""=«d ty th. Spatial 

sta„dard-i„d.pe„de„t /ddr!::" j::;:tio:":rur"r ' 

displaced relative to ""Porall, 
Picture. "mporal position of the first 

encoder^i^riVTrte/r"" ' — 

support t/e 1 r,.r pVcure ; "'"^"^ " 

picture formats possible with MPEG 

» Pipe J!: !rr;;tTr "-^'^ 

Hc-L oy 8 pel blocks. in one form 
invention, the address decodin 

Blocks (Storing I Circuitry handles these pe. 

The addrls : 'co: ^^-^ boundaries 

retriev". Of such s' ^7"'"' 
= ° This versati it/is ^-"-«l«- 
A second T * ""^^"=1^ described hereinafter. 

passes the outpuT^'th T^" " """'^^^ 

oecoder, d.r.ctlv\ ^ " 

-,nai proc = 
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Ib^Temporal Decoder alc;^ ^^^^^ 

data to. display by a Ti'\ 

apxay oy a display circuit th« ^-j-. 

Circuitry, aescr.be. hereinafter, proJi^J^ V^'.^'' 
reordering. PJ^ovides handling of this 

a selection of"ictures .niVn n"" 

HJ^ciiures -/hich have arrived ^Ari^*.^ 

than the picture under processing. w^n a pic/ 
described in this context ii- Picture is 

following: ' °f the 

1. The coded data representation of the picture; 

2. The result, i.e., the final decoded picture 
resulting from the addition of a process step 
performed by the decoder- 

3. ^-viously decoded pictu;es read from the DRAM; and 

Of data between a PICTURE.START token and a 
subsequent PICTURE_end token. 

After the picture data information is processed bv 
Temporal Decoder- i ^ ■ ■ ^ ftocessea by tne 

P Decoder, it is either displayed or written h^r-^ 

a picture memory location Thi.. ^^^^ten back into 

further reference to bl h ^"formation is then kept for 
coded data Tct^e ^" P-^essing another different 
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Picture can be achieved by varym' th ' " scrambled 

the Temporal Decoder. ' ' ^ --ordering feature of 

*' RAM MEMORY MAP 
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rornatter all use external DRAM. Preferable, 
is used for all ^ *'re£erably, the same DRJ^J^ 

usea tor all three devices wh , i « 

DRAM and all devices use 

'^i, ana ail three devieecs 
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in DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser. 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 
two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (1) , 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past, I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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in^contrast, h.261 makes predictions only from ^K 
picture just decoded. As each 

-TUten into one o' the t o ^ = 

=^ec=d.ng the next " 

3 operations re.ui.ed a.e — 

predictions with in/ "''^^^"^^ ^ « -d forn.n, 

ions with integer accuracy motion vectors 

in brief, the Video Formatter stores three frame. 
Pictures. Three pictures need to be stored to ac °' 
such feariir-oc stored to accommodate 

features as repeating or skipping pictures. 

5. BITSTREAM CHARACTERISTICS 

Characteristics m,,«i. k w aatastream as these 

- "ses „ coa. ... Pic^uie/rr %™ -^^^ 

tits can vary bv a uin. Picture. The number of 

' "at cn. l.n,.h Of .TJ"''"- -eans 
P-ture o, a p ctur. lllT^ " " reference, 

ion,, another p?ctre l\ln\ , ^^""^^'^ « ^-"^ -e unit 
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•-^.n the next Picture starts "e c 
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starting 3 PICTOKr START , ;;;„ °' 
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PICTURE_EHD token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and second picture) , but it is knovm that the first picture 
has finished. 

The data stream at the output of the Spatial Decoder 
consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture -end may vary. 

The Video Formatter takes these pictures of non-uniform 
time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world, e.g. PAL-NTSC 
television standards. This is accomplished by selectively 
dropping or repeating pictures in a manner which is unique. 
Ordinary "frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the Video Formatter 
can handle a variable input picture rate. 

6. RECOMFZGURABLB PROCBSeiKG STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 3 3 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 3 6 
over the^twp-7wire interface 37 and an action identification 
circuit 39. The processing unit 3 6 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 36 connects such completed 
signals to the output, two-wire interface bus 4 0 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 3 3 over the two-wire 
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interface bus 4 0 and/ or from menory circuits 43 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 39 and the processing unit 36. The 
action identification function as well as the RPS is 
described in fxirther detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure 10 
illustrates those stages sho%m in Figures 11, 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 3 6 and onto the two-wire interface circuit 42 through 
the output latches 41. If the Control Token is recognized, by 
the RPS, it is decoded in the token decode circuit 33 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
4 2 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038.8. 

In the present invention, the token decode circuit 3 3 is 
employed for identifying whether the token presently entering 
through the two-wire interface 4 2 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same time, the token decode circuit 33 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed* 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
5 the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 

10 39 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 

15 this way, the action identification circuit 39 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 3 6 which is under 

2 0 the control of the action identification circuit 3 9 is now 

ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
25 immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 
4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

3 0 In the present invention, the action identification 

circuit, 39, is a state machine holding history state- The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 
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Such registers can be either on-chip or-off chip as needed. 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
action infomation has been stored from previously decoded 
tokens and can affect the action that is selected* The 
connection 4 0 is going straight from the token decode 3 3 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shorn token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 4 3 and 44, the current token under 
processing, and the state and history information that the 
action identification unit 39 has itself acquired- A 
distinction is thereby shown between Control tokens and DATA 
tokens. 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 



107 



25 



30 



-^e H.e,..a„ ...o,,: an. r "'^ -^=r„«Xo„, as ear as 
S because u arrives on its .nl" " ""="-^- " -«a, 
for.at«d up in.o , ^/"^ " "^^^ it ,ets 

forced into a token c.W. 

as t.at .ac.ine Is c= : ne^ luTrZ.'''^''"'- 
nandiin, data, transforming one sort . ' = 

==rt Of data, „hich is cl.arlv .7 """" 
perfor:,ed by that oorti= , f"""'"" of th. processing 

information gets to ^ i """^^"^ 
y«ts zo the inverse quantizor 

information in that toR.n a plurality of . 

because there are 64 8-bi. "'"^ °' • In fact, 

re9isters, in general" ! " --"Y 

.nformation .s'! e". 'as cl::::"T "'^ " 

control information affects t " that 

subsequent DATA toKens because ft af^.T"' °" 

-Itiply each data word. There """^^ 

Viewed that token as being data n'd" 

" being control. """^ "i'^ed it 

Token data, in accordance with r„. 
universally viewed as beln= h invention is almost 

- important aspect Vs . r"'' - 
Circuitry that has a token d coder luTb' "^'^ 
=«tain set of tokens, and any tok ' 
recognise will be passed unaltered thro . " 
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thB stages of circuitry has the processing capability within 
it to be able to perform the necessary operations for each of 
the standards, and the control, as to which operations are to 
be performed at a given tine, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a CODZNG^STANDARD token. In 
otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program* This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

The inverse quantizer 79 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K. Another flag tells the inverse quantizer 
whether to add another constant. The inverse (quantizer 
remembers in a register the CODIHG^STANDARD token as it flows 
by the (quantizer. When DATA tokens pass thereafter, the 
inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards. Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard* The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the. macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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fors of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 3 9 
5 of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 
10 More specifically, an MPEG start code and a JPEG marker 

are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context, the Start Code 
Detector 51, by detecting either an MPEG start-code or a JPEG 

H marker, indicates that the following 8 bits contain the value 

15 associated with the start-code. Independently, it can then 

U create a signal which indicates that it is either an MPEG 

Start code or a JPEG marker and not an H.2 61 start code. In 
this first instance, the 8 bit value is entered into a decode 
circuit, part of which creates a signal indicating the index 

2 0 and flag which is used within the current circuit for 
lU handling the tokens passing through the circuit- This is 

also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
25 indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 

3 0 various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 
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applied to an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to identify the 
picture^start of a picture number as indicated by the value. 

The system also includes a multi-stage parallel 
processing pipeline operating under the principles of the 
tvo'Vire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Ficrure 10. The token decode circuit 33 is employed to direct 
the token presently entering the state machine into the 
action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 
token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 
separate standard, such as MPEG. The same two-wire interface 
is used for carrying both the control tokens and the DATA 
Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
stages. More specifically, the PICTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 
machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PICTURE_END token. This PICTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

NULTZ-STAHDARD PROCB88ZMO CIRCUIT - 8BCOMD 
MODB OF OPBRATIOM 

A compression standard-dependent circuit, in the form of 
S the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent* independent circuit over 
the same bus and an additional bus. The standard-independent 
10 circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard- independent circuit is applied to the output 
i2 over another suitable bus. Table 600 illustrates that the 

];3 15 multiple standards applied as the input to the standard- 
jy dependent Start Code Detector 51 include certain bit streams 

which have standard-dependent meanings within each encoded 
]^ bit stream. 

E:fi5: 

jU 9. START-CODE OETBCTOR 

f'^ 2 0 As previously indicated the Start Code Detector, in 

accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 

2 5 decoding is achieved, the MPEG (1 and 2) picture_start_code , 

the H.261 picture_start_code and the JPEG start^of _scan (SOS) 
marker are treated as ecjuivalent by the Start Code Detector, 
and all will generate an internal PICTURE_START token. In a 
similar way, the MPEG sequence_start_code and the JPEG SOI 

3 0 (start_of_image) marker both generate a machine 

sequence_start_token. The H.2 61 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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■•or a-poUca;io„ " ""URE.STAPT to'.ens 

Hwxicacion to the two-wire ini-*.^^* 

-.hrouqhout the system. rach or the sta/es" h^'n" 
coniunction with these control toKens 

"n^ents o. the to.ehs, or are cirq^r^ hH::!::- l::: ■ 



115 



10 



15 



25 



20 



by c=fn:«,„ Of the toRens, and ,r. prepared to handle da-.a 

a:;::erar:::r:;a:rn."""^^ ^™ 

. such as H.261, does not have a sequence start 
..-age in .ts data stream, nor does it have a picti^e 
ina,e in Its data stream. The start Code Detector Indicates 
the PICT^E.^ND point in th. incomin, .it stream and crea": 
a PICTimr.ENO to.e„. in this regard, th. system of t"he 
present invention is intended to carry data words that ar. 
fully paced to contain a bit of information in each of the 
register positions selected tor us. in the practice of the 
present invention. To this end le: k,-* w 

'° ^"^s end, 15 bits have been selected 
as the number of bite: i^k i /-k , 

" passed between two start 
sKUrin th"""' 'PP"-««<' en. Of ordinary 

eithL ' can be mad. to include 

either greater or fewer than 15 bits, m other words, all is 
bits Of a data word ..l„g passed from the start Code o.t.ctcr 
into the 0R«, interface are required for proper operation 

rrrid^'ii- "-^ ""^-^ b s 

Llected. ' " " -a" bits has been 

or.s.^! °P««ion. in accordance with the 

P .sent invention, binary o foUow.d by a numb.r of hinary 
1 s ar, automatically inserted to compl.t. the is bit data 
-rd. This data is then passed through the coded data buf e" 
ahd presented to the Huffman decoder, which removes thi 
padding. Thus, an arbitrary number of bits can be passe- 
-hrough a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
"Identify a slice of the picture. A slice start centre 
re ion " """"t the picture into smaller 

gions. The size of th. r.glon Is chosen by the encoder. 
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and tie^tarr Code Derector identifies this unique oarr. 

sta,es, located downsrrean, fron, th. start Code Detector -I 
s.,»ent t.e picture .ei„, received into s^aiier regions 'x.'e 
Si.e Of the re,ion is chosen the encoder, reco,ni.ed y 
the Start Code Oetector and used hy the reco.Mnatio' 
Circuitry and control to.en. to decompress the encoded 
Picture. The slice.start.cod.s are principally used for 
error recovery. 

The start codes provide a unique method of starting up 
the decoder, and this will subsequently b. described in 
further detail. There are a number of advantaqes in placing 
the start Code Detector before the coded data buffer al 

data buffer and before the Huffman decoder end video 
demultiplexer. Locating the start Code Detector before -he 
first buffer allows it to l, assemble the toKens, de^Jde 
^h. standard control signals, such as start codes. 3, pad the 
b ts ream before the data goes into the buffer, and create 
-he proper sequence of control to.ens to empty the buffers 
pushing the available data from the buffers into the Huffman 

D.tecr".°' ""^P" "y the Start Code 

Detector directly reflect syntactic elements of the various 
picture and video coding standards. The start Code Detecto 
converts the syntactic elements into control to.ens. 
addition to these natural toR.ns, some unique and/or machine- 

those tokens which have been specifically designed for use 
-i.h the system of the present invention which are unique in 
«nd Of themselves, and are employed for aiding in the mu-i- 
s-andard nature of the present invention. Examples of su'ch 
unique tokens include PICt™e_ENO and CODING_STAKDARD. 
Tokens are also Introduced to remove some of 
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. Decode. r.=po„.3 equally „ „..„s " '^""^ 

« -ell as « toKen. that have been ,.nerar.d ,0^,' ' 
.-etaction ot the start-coa.s in the Lel data ^r'"' 
=f extra to.ens is inserted into the two- u". intjr""" 

:::::t;:n."""°^ - -----^-^^ =/:hr::::e:: 

is hereinafter called a starr ^ Patterns, one of which 

=0-. . s^iiar .unctLH Ve:::: r ;;L"r"^r"""" 

These start/marker codes identify . "'"""^''^■^ ■ 

syntax or tne coded datastr.a„ ^'^nmcant parts of the 

codes per.or.ed the HI^'Le^oItrtr U iL'r 
in parsing the coded data. 

can /e' -drt^TeY'ltr: T""' ""^'"^ " 

Thus, tne. can te used ^" 
invention, to assist n et: """"" t 

^P. The start Code^rct^-p^s'TacUirr"" ' 

errors in the cod«H ^ . facilities to detect 

«art-upo.t:er;oVr'"xhre"rr " 
the start Code Detector wll! k "P^ility of 

further detail as ITlT tH discussed .n 

decoder. """" °' startin, up of t... 

The aforementioned description ha. h=-. 
primarilty with tn. ,k concerned 
bit streL "V""^"-"-- °f the machine-dependent 

Character stics Of tie ^^^^ " 

description is of the hTt T ™' 

Of the bit stream characteristics of ;.-.e 
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stin^ftrj-depend.rt coded 

cod. Detector. " " to the st„t 

sp.ci*i=ecion. Each o( t«e ste ' . ""Pressicn 
' start code veiue. The 3 art ""^ 
identify „itMn t.e len,u4e "'"h' " 

operation that the start cod. / """dard the type of 

'0 -ulti-stardard d.coder of th In the 

conpatibility is based upoh th. j"""" invention. the 

cohf,,.ration as Prev.!::: ".esrir^d""" 

including fia, signals, are circuTt 

"ate machine, and are described k """"" """" 

The start and/or 1;,' ^"--"er as appropriate, 
standards, as well as other st. . " =ontained in the 
-ords. are so.eti.es identifV.d " " " ^"^ 

-ith the us. Of cod. and/or lacn " 
" the contents of control 'T'"''^'"^'"^ "^.s to refer 
= -^-e. Mso, the ter" 3 ""^ 

9.n.ric t.r» to r.f.r to JPtl l. T " " = 

"d H..ei start cod.s. „.r"er h " " 

th. same purpose. Also the t " '"^^ 

-far to th. TLUSH to..„ a' " " " 

ref.rrin, to flushing the st!rt c . ' "^"^^^ 

Uncludin, the si,„ai 'nlsZlT r'"'"'' ''''' 

-•WSH token is always urittl^ ' ""'""on, the 

o. th. ter. <..rb o^ nou^ rr.";:r.; c" e 
-o^p.isrs^drtd'nrrrir^" "^--^ 

= ...ages carry .1^ th^TtarJe ru "' ^^"'"^ 

operation is to be performed "lling th. user what 

■' = "o.s according to' the s a Ja;:" 
..«.ndard p.p.un. processing system of tT""' 

yscem of the present invention. 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
5 with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art* All such standards are 
10 incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream* A separate set of index signals, 
15 including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
^ dependent control signals to emulate the handling of the 

standard data and non-data signals. For example, the 
ry 20 slice_start token is a two word token, and it is then entered 

onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
25 first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
30 data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 24 
cycles, the 24 bit register is full. 
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Every 8 cycles , the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to espty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register* The value decode shift register 230 is 
still empty. 

Assuming that there is now a PICTURE^START word in the 
24 bit shift register, the detect cycle recognizes the 
PICTURE_START code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 23 0 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the PICTURE_START. The Spatial Decoder equivalent to the 
standard PICTURE_START signal is referred to as the SD 
PICTURE_START signal. The SD PICTURE^START signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header . 

10. TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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operations. — '^^ures .cself to pet/'^^"^^ - 



^ independent upon the''''' ^^ependent or 

^^^ious functio P^°=essing stages for P^^^^^icn 

- they can .e l^^- al.o be „ /aj":"'™^"^^ ^ 

oe altered by a r,,-^ "etamorphic in 

down th«» ■ "y a processino et-, " that 

Pipeline fo,- ^ stage and then ^ 

^°^ens nay int. P^^forn^ance of furth ^^^^^^ 

-nci in th^ -ith an or less th. ^"^"ctions. 

this reoarrt -^^ss than all af ,.u 

adjacenr ''^^ard may interact wits ^- stages 

^■'t-HE_END token is ^ . ^^age. 

' ~ •' • 

H.261 dai-^ " a way of 

data streams onto a « ,• "appxng mpeg -pr- 

A SEARCH_MOOE tok«n 

■^■P^^G and H.261 data J ^ technique for search- 

enhanced error . ^^"""^ ''^^^^ allows r/. ' 

A stZ ^^^''-ery. "^""^^ ^^"dom access and 

arbitrary number of k,. ^ way of • 

•-o^ens and a two— ^ variable configuration w 

and DATA ^-'o-wire system -^yuration which 

es"?"^ r —at tn : 1 — 

^ ™"i':i-standard sv■.^ ^-o--ire syste. 

->sten, capable of having 
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exten^te.* operatinq capabilities ^ 
sv.ce„s .o HOC us. co„cVor«"n; 

The control tokens are aenerar-.^ w 
'•"Od.r processor .^".c. " ' -chin the 

5 diteer.nt rype standard H . "P""!^" of e number of 
•-ype standard-dependent siqnals r.»^^ 
- serisx pipeune processor for h.ndUn; xh. "Tn 
to study an the parameters of the multi IT. 
". selected for proc.sstn, by the ."r 1 

noting l, their..similaritie, /, th! I P"""or and 
" -eir needs and re,uire».r and <, sei.Vtr"::'""' " 
coKen function to effectively process aH of th 
si9nal. sent into the serial proce."r The f , 

^.t.een the "arardTp^^v^t Vi jisr'::"::":"-"-" 

transmit control information through the' tp^eu :::.lr 
accor: „rto w."! jr;"" ' ' is .esi,ned 

^hd then set up derarrcrr; z rar::!'"^ 

:o interfaces. Sionai. . "iieroprocessor 

signals from the microprocessor 
control the flow of d.r. -k . P'-oc«saor are used to 

components. Th. sllectio ' dedicated dounstr.am 

-compression n :r r'„nd'.: th " 
25 microprocessor. signals coming from the 

In contrast, the svst«m >w 
configures the downstream? '"-•"Cion 
Of the control toZ. """" ""tro: 

needed and.r ait.r::ti.:"c:::::: ;;om^"::^^'- — - 

co..u.:atr Thfrn; :rrour-th: - 

Pipeline processor. in the design selected n""""'''""'' 
-ed in the preferred embodiment each ! 
■■:^inir,un, of 8 bits wide an- °' ' ' 

wde, and a single token can extend ov- 
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one o words. The width of the to.en is changeable and 

can be selected as any nun,ber of bits An . 
indicates whether a token , extension bit 

vord. x.e. u i' L — t 

5 to>:.n ^° ^^"^^y «11 --ords Of a 

3 token, except the lacsr -/^^^ * wiu^ ©t a 

H*. tne last word of a token, if -he first --/o^w . 

a token has an extension bit «^ """^ °^ 

teen onl. one woVr:::, " 

" ' the £irst word Of the to^en. The address tiel! 

^5 .s to ^ nlT. "conplished by use of these tokens. It 

: ".,!^^— i-nt.f.oat,on U^e. 



Chat the extension bit in words 1 and 2 is a i 
that additional words win be ' ^= ^ ^ ' -<?nxfy.ng 

end Of that token. indicating .,,e 



extension k / "^^"^ °^ coding thereafter. 
extension bit in word 3 is a zero. 



exe^pi:^ r^v /e" "c°'tr""^' 

extens.on .,t .o. e tot" TLT^'"^ 
present invention, output buses ere of ^er eMe "L't^h" T 
output from the spetiel Decoder is 9 bits ui^^ 
" ..de .hen the extension bit is ino u t' "11 

embodiment, the only token th,r . „ Preferred 
extra bits is the DATA token il "-nta,e of these 

«tra bit. It Should T " 

It should be understood that thic 

_ Umitation, but only en .mpl.„e„tation. " ' 

"' -or-ilur""!" " "^en 

^e'rcarr ed b """'"^ " ""^ ^-'^ 

= "b ts " " " ^" the number 

^atMit °" 

bits ...ord Of a DATA Token can be combined w.th t^ = 
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data ^i-s in another word of the san^ hat* 

- or 10 t.t address fo^^A Z 1 " ^" 

access „.„or.es .sed ZZ'IT """" 

processor. This provides .„ .ddition.l 1 "'""P^^ion 
.n... ..ciii.e.es , .road ran,. retsa^.?"; 

AS previously described, tr,e DATA colcen carries ^a-, 
from one processing stage to the next ^ carries .a.a 
Characteristics of this t'o.en change as it paTs^r"'' 
decoder. Tor .xa.pie, at the input to the spaVial 7 
DATA Tokens carry bit serial codL video data . ' 
Bit -.ords. Here th=.. packed into 3 

token. Ho«v to urstrat:^' " ^^"'^ " 

ce .He invention <at t output"""::!"; " 
Circuit,, "Ch DATA Token carries exacts.. ; "'"''^ 
•-■°rd is 9 bits wide 

"codin. Signal allows for diZ/eVenVl"" "'""^^ 
encode different intensities a::" is^oT^icrer" =° 
-•i<-st Picture Of , group normally carries the 
Of data bits because it needs to providl"hr:oit 
" the processing unit so that it can start the d 
-Ch as much information as possible "^old: whr:"::r" 
later are typicallv ch«^* wnich follow 

the difference sr«n,,r" -"'y -"tain 

reference to the Hco d ""^ 

second position on the scan 
field. scan information 

:::nTr;s^trth"=^:rr; - — 
Htrve'r" r::.?^: ^-r - s^t-^r-^::' 

..formation Ts ,r ,de:"at"its"""- 

"te suitable for h f " " ° "^""^ for=:at 

t--s o tile Of th ' °" ' - 

interface -?th! "'^ ^" = 

such a Vs- throughout the won., 

as .,TSv., PAL and SECAM 



The video formatter convert 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM I1ITER7ACB 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2 . The width of the data interface to the DRAM can 
be configured to provide a cost/performance trade 
off for different applications. 

In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Furthermore. while the ORAN interface is compression 
standard-independent, U still must be configured to 
..Plement each of the multiple standards, jp.c and 

How the DRAM interface is reconfigured for -.ul^i- 
stanoard operation win be subsequently further described 
herein. -i-uea 

Accordingly, to understand the operation of the 



interface requires an understanding of the relationship 
between the DRAN interface and the address generator, and how 
the two communicate using the two wire interface 

in general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order -o 
address the DRAM (e.g., to read from or to write to \ 
particular address in DRAM). With a two-wire interface 
reading and writing only occurs when the DRAM interface has 
both data (from preceding stages in the pipeline), and a 
^a.id address (from address generator). The use of a 
separate address generator simplifies the construction 

20 T generator and the DRAM interface, Is 

20 discussed further below. 

in the present invention, the DRAM interface can opera^- 
from a clocK which is asynchronous to both the address 
generator and to the clocks nf ,-k« 

Clocks of the stages through which data 

25 11 I techniques have been used to handle this 

2= asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the onlv 
exception being prediction data in the Temporal Decoder," 

^ ffer . This IS essentially a pair of RAMs operated in a 
^cuble-buffered configuration, with the DRAM interface 
-iiiing or emptying one RAM while another part of t.he ch ^ p 
enpties or fills the other RAM. A separate bus which carrie's 
an address from an address generator is associated with eacr. 
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swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
5 used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM. In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 

10 the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 

15 (Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 

2 0 the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure -23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 

25 two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 

30 the address generator 301 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request /ac)cnowledge (REQ/ACK) protocol. 

A unique feature of the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 301 and with the stages that provide or accept the 
data. For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24) , but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 3 01. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "svAing" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 303 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 302 determines which swing buffer it 
will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others). In both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a vrite swing buffer. The write swing buffer 
interface includes two blocks of RAN, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the %nrite address 313 and control 314. From RAMI 311 and 
RAM2 312 1 the data is vrritten into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 
operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 • Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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acceated by the s^in, tutter -or,. 

Side. '^ack for use by the input 

°-Pu. .ata busses reversed ' ^"P"'- 

The DRAM interface of tho 
to .-naximize the available mel T"^ invention is designed 
- - stored i. th^'sa::^ ^oc. 

can be made of DRAW fast ^"'1 
address .s supplied fol "„ed bl "^"^ 
particular, row addressee "dresses. tn 

^.-rator, -Ue colu.„ address 
- interface, as discussed further "e". '""^'^^ 
In addition, the facilitv i= 
" «e e,t.r„al .njTo ^ ^^^^ " data 
Accordin,!,, tb. amount of J, ^ " — 

' - requirements ^•-"^^ " -^-^ 

application. °^ the particular 

this example (which is exactlv h 
on the spatial Decoder works) Z ' '"^^ interface 

the DRAM interface with blocJ^ Jll generator provides 

-rite swing buffers This a""" ^^^^ °^ 

- -dress for the DRAM. xhe il ^sZ 

-PPiied by the DRAM interface -tse,/ a . " '''"^^ 
also used as the address for thl '''^^ 
^us to the swing buffers is 3. . ""' 

--idth to the externa dL^ , \'^^^ the bus 

external DRAM accesslsTst . " ^ 

-o.. a write s-wi:; Jf L":!?""^^ "^^^ ^ 

- -ad swing buffer (read and ^° 

transfer relative to t,e '° ^-ecticn of 

e to the external DRAM). 
The situation i« 

is ...ore complex in the case of the 



131 



Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter* 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and %n:ite decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shovm by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator nakes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/ stop" 
technology, and this is described below. 

Consider block A in Figure 26. Reading oust start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
the three LSBs of the address, the y value the three MSB, 
The X and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 
incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9, 10, 11, 
12, 13, 14, 15, 17..., 23, 25, ...,31, 3 3 57 6 3 
is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 
address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the X inverse stop value forms the 3 LSB. In this case, 
while the DRAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero. The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 
interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be **clipped'* so that it points to a 16 or 3 2 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half-pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in X ^nd y) ; and 

a cvo bit number zo indicate the order of the blocks 

The last byte flag can be generated as the data is r-ad 
out Of the swing buffer. The other signals are derived f:o. 
. the address generator and are. piped through the dra« 
interface so that they are associated with the correct block 
Of data as xt is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into t^e 
10 external DRAM in blocks, but is read out in raster orde'^' 
writing is exactly the same as already described for the 
spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least. 8 blocks of data fit into a single 
1. page. These 8 blocks are 8 consecutive horizontal blocks 
When rasterizing, a bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e. 
Che same row in each of the 8 blocks) . 

-considering the top row (and assuming a byte-vide 
20 interface), the x address (the three LSBS) is set to zero as 
- Che y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point 
Che top part of the address (bit 6 and above - lsb = bi- o)' 
IS incremented and the x address (3 LSBS) is reset to zero 
This process is repeated until 64 bytes have been read, w.th 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively 
instead of by one. 
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In the present invention, the address generator ..n 
signal to the DRAM interface that less than 64 bytes should 
oe read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This IS achieved by using start and stop values. The start 
value IS used for the top part of the address (bit 5 a- = 
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above) , and the stop value is compared vlth the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
_ cycle and another for the read/%nrite/ref resh cycles. The 

length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
ii 15 length, and the cycle chain's length changes as appropriate 

i;3 during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
j!j state information from the DRAM interface. The pulse 

2 0 generates the DRAM interface clock. Each DRAM interface 
jU clock period corresponds to one cycle of the DRAM, 

r: consequently, as the DRAM cycles have different lengths, the 

DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
2 5 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDZCTZOM 7ILTER8 

Referring again to Figures 12, 17, 18, and more 
30 particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. The essence of the structure of the 
prediction filter is shovn in Figures 18 and 28* A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
5 Invention. 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.2 61 modes, but 
not in the JPEG node. Recall that in the JPEG node, the 
Temporal Decoder just passes the data through to the Video 
10 Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Q Figure 18, in the MPEG mode the forward and backward 

prediction filters are identical and they filter the 
SI respective MPEG forward and backward prediction blocks. In 

■Z 15 the H.261 mode, however, only the forward prediction filter 

ip is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
i;3 Figures 18 and 28 and more particularly to Figure 28, there 

2 0 is shown a block diagram of the structure of a prediction 
□ filter. Each prediction filter consists of four stages in 

series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate . After 
2 5 the necessary transposition is performed by a dimension 
buffer stage 333, an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 
30 compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 
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to perfora no filtering at all in JPEG node. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens* Tokens 
are also used to inform the address generator of the 
particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSZMQ REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14. MICRO-PROCESSOR INTERPACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A, 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface* The character of the signal is 
sho%m on the input/ output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shoim in the description column* The KPI 
5 electrical specification are sho%m with reference to Table 
A.6.2. All the specifications are classified according to 
type and there types are shown in the column entitled 
, symbol. The description of what these symbols represent is 

shovm in the parameter column* The actual specifications 
10 are sho%m in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A* 6* 3. Here the column headings are the same as 
with reference to Table A* 6* 2. The DC electrical 
characteristics are shown with reference to Table A. 6. 4 and 
Q 15 carry the same column headings as depicted in Tables A. 6. 2 

i;n and A. 6. 3. 

ru 

1^ 15* KPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
jy are shown with reference to Figure 54. Each line of the 

O 2 0 Figure is labelled with a corresponding signal name and the 

timing is given in nano-seconds . The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5* The column entitled Number is 
used to indicate the signal corresponding to the name of 
25 that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
30 signals. 



16* MPI WRITE TIMING 

The general description 



of the MPI write timing diagrams 
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ar« •ho%m with reference to Figure 54. This Figure shows 
each individual signal name as associated with the MPI 
write timing* The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
5 reference to Table 6.6. 

17. KBYHOLB ADDRESS LOCATZOMS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 

keyhole registers. A keyhole register has two registers 
10 associated with it. The first register is a keyhole 

address register and the second register is a keyhole data 
'"■'•4 register. The keyhole address specifies a location within 

a extended address space. A read or a write operation to a 
O keyhole data register accesses the locations specified by 

15 the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
H incremeiits. Random access within the extended address 

!t space is only possible by writing in a new value to the 

fU keyhole address register for each access. A circuit within 

2 0 the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes. 

Xe. PICTURE-END 

Referring again to Figure 11, there is shown a 
25 general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of PICTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 

3 0 MPEG and JPEG signals. 
As previously described, the system of Figure 11 

is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration sho%m 
with reference to Figure 10. 

In general, the PICTURE_END function in accordance with 
the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in. the DRAM interface. 
Recall, that the contents of a swing buffer are only 
written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The PICTURE^END 
token forces the data out of the swing buffer. 

Since the present invention is a multi-standard machine, 
the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 
the total available action cycles can be selected by a 
combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 
going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 
PICTURE^END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexer circuit . 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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de^ul^i^iexor, the end of picture even though it has not 
had the typxcally expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexor circuit. m thxs situation, the xnformat.cn 
held xn the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture m 
thxs way, the state machine of the Huffman decoder and 
vxdeo demultiplexor can still handle the data according -o 
system design. 

Another advantage of the PICTURE, END control token is 
its abilxty to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or xn the swing buffers. 

Yet another advantage of the PICTURE_END function is 
Its use xn error recovery. For example, assume the amount 
Of data being held in the coded data buffer is less than xs 
typxcally used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
pxctuce wxll be held in the data buffer until a full swing 
^0 buf.er. but, by definition, the buffer win never fill At 
so..e point, the machine will determine that an error 
condxtxon exits. Hence, to the extent that a PICTURE END 
token xs decoded and forces the data in the coded datl 
. buffers to be applied to the Huffman decoder and video 
demultiplexer, the final picture can be decoded and the 
xnformatxon emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE END 
token is that the serial pipeline processor will contii^ue 
the processing of uninterrupted data. Through the use of a 
PICTURE. END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, contxnues processing. Typxcaliy, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they cone into its storage area. in 
addition, the Huffman Decoder and Video Demultiplexer 
5 generally know the amount of information expected for 

decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 

10 from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 

15 Demultiplexer that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Cede Detector. Under 

2 0 normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 

2 5 empty. The PICTURE_END control token is decoded in the 

Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexer either directly or 

3 0 through the DRAM interface. 



19. FLUSHING OPERATION 

Another advantage of the PICTURE^END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 
Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 
only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTU^^END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 
Huffman Decoder circuit. With the arrival of the 
PICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information, 
2C. FLUSH FUHCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. More specif ically, the present invention 
comprises a combination of a PICTUR£_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
5 picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
10 stages to continue processing. This prevents a loss of 

^ data. In other words, the FLUSH token is a variable reset, 

2q as opposed to, an absolute reset. 

'"'4 

^ 21. STOP-XPTER PICTTTRS 

O The STOP_AFTER_PICTURE function is employed to shut 

15 down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, -a PICTURE_END token is generated indicating that 
l2 data is finished coming in from the data input line, and 

!U the padding operation has been completed. The padding 

;^ 2 0 function fills partially empty DATA tokens. A FLUSH token 

is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
2 5 and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing. 
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22. MULTI -STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH_MODE control token which is used to reconfigure 
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input to the serial pipeline processor to look at the 
incoming bit stream. When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. It 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing . 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g. , data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

The Start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group^start standard isage. When such an image is 
identified, the Start Code Detector generates a CROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING^STANDARD 
signals. The CODIHG_STAKDARD signals are conveying 
information directly from the incoming bit stream as 
required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 

This mode of operation has been selected because it 
is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 
Thereafter, the values in the DATA Tokens are quantized 
coefficients which can be used by the Inverse Quantizer. 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required elenent in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 
Quantizer has been adapted for use With tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information* 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer arc identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFMAN DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
Huffman decoders, one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units sho%m in Figure 27, These 
other units are the Parser State Machine 322, the inshifter 
323, the Index to Data unit 3 24, the ALU 3 25, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. In particular, the dimensions of the 
picture are programned into registers associated with the 
counters, which facilitates detection of ••start of 
picture,** and start of nacroblock codes. 

In accordance with the present invention, the Token 
Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman Decoder 321 also identifies certain data 
that recjuires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

This index number is then passed to the Index to Data 
unit 324. In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
form tokens. The tokens are then conveyed to the next 
stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVER8B DISCRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 
encode the data. However, in the present invention, 
significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 
the upper and lower portions of the algorithms is 
increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 
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Ths.lj>CT responds zo > „„„t,er ot n,ulti-s«„dard «.ens 
The f.rs. porrxcn of the locT checks .he enterin, d.t/To 
ensure .hat .he OATA .o.ens are of .he correct s!.e "r 
process.n,. m fact, the to.en stream can te corrected in 
sen. situations if the error is not too lar,.. 

27. BUFFER MAKAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 
arrival, display and frame rate. Multiple buffers are used 
to allow Changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 
arrival rates will generally vary according to errors la 
encoding, decoding or the source material used to c^ea- 
the data. when information arrives at the Buffer Manager 
It is decompressed. However, the data is in an order tha'^ 
xs useful for the decompression circuits,, but not for the ~ 
particular display unit being used. When a bloc, of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the blocK of 
data can be placed in the order that the display device can 

25 the". "^"-'^^ -=-nt 

the frame rate conversion necessary to adjust the inconing 



data blocks so they are presentable on the particular 
display device being used. 

in the present invention, the Buffer Mnager primarily 
supplies information to the address generators 
Nevertheless, it is also required to interface with cthe^ 
elements of the system. For example, there is an interface 
-ith an input FIFO which transfers tokens to the Buffer 
Manager vhich. in turn, passes these tokens on to the vr.-.e 
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25 



addre^ generators 

::::.rr:::r:/::: i^.^- — - 

of -ho^K present invention keeps track 

Tn i-K^« HajTticuiar data in each buffer 

is in a "vacant" state wh displayed, the buffer 

:i""r "ei\ \ :::r::.r 

receives r=r J^'""'""" '^^"at.d by the tokens it 
Bu»,r „„„er t«. 1^. t= .e ^ ' " 

Thus, by managing the buffers h,^. 
displayed according to the "n. effectively 
encode the data th. =°"'Pression standard used to 

pa^^icuLr ;y ro:^\\:Ln"-^^^ - — ^ 

/H or aisplay device being used. 
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The foregoing description is believed to 
adecjuately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
5 skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
10 implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a multi-standard 
video decoder chip*set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization, clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

Description of features common to chips in the 

chip-set: 

• Tokens 

• Two wire interfaces 

- DRAM interface 

• Microprocessor interface 

- Clocks 

• Description of the Spatial Decoder chip 

• Description of the Temporal Decoder chip 
SECTION A-1 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set . 

A. 1.1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
KAMES_OF_TOKEM8 
wire_name active high signal 
wire^name active low signal 
r eg i s t er_name 
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SECTION A.2 Video Decoder Family 

30 MHz operation 
Decodes MPEG, JPEG & H.261 
Coded data rates to 25 Mb/s 
Video data rates to 21 MB/s 

MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Full JPEG baseline decoding 
Glue-less page mode DRAM interface 
208 pin PQFP package 

Independent coded data and decoder clocks 
Re-orders MPEG picture sequence 
The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
15 decoders. The chip-set is currently configurable to 

support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
T20 X 4S0. 30 HZ, 4:2:2 JPEG encoded video can be decoded 
20 in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
X 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
25 of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A. 2.1 System configurations 
A. 2. 1.1 Output formatting 

20 In each of the examples given below, some form of output 

for-atter will be required to take the data presented at 
the output of the Spatial Decoder or Temporal Decoder and 
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r.e-fortna<6 it for a computer or display system. The detail 
of this formatting win vary between applications. In a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chi 
and. write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG Still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG, However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding Off-chip DRAMS to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
Chip-set, it will merely pass the data through the Temporal 
Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 5l2k x =) 
DRAM will be required by each of the Spatial Decoder and 
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the Trfrnporal Decoder. 
A. 2. 1.5 MPEG decoding 

The configuration required for MPEG operation is the 
same as for H.261. However, as will be appreciated by one 
Of ordinary skill in the art, larger' DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 



159 



SECTION A.3 Tokens 

X.3.1 Tok«B forBAt 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set. While in the present invention, each 
word of a Token is a minimum of 8 bits vide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width. Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A. 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit) . The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 -Trtfe DATA Token 

The DATA ToKen carries daca fron> one processing stag, 
next. Consequently, the characteristics of this ToU 
_ Change as .t passes through the decoder. Furthermore, the 
= meanxng of the data carried by the DATA ToXen varies 
depending on where the DATA Token is within the systen 
i.e., the data is position dependent. m this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within. the Spatial 

DATA Tokens carry bit serial coded video data packed into 3 
b t words. At this point, there is no limit to the length 
Of each Token. In contrast, however, at the output of the 
spatial Decoder each DATA Token carries exactly el words 
13 and each word is 9 bits wide. 

A. 3. 3 Using Token formatted data 

in some applications, it may be necessary for the 

the Decoder or chip set. m most cases it will be 



20 



25 



sufficient to collect DATA Tokens and to detect a few 

PICTuL^'^ARTr^''^ synchronization information (such as 
PICTLR£_START, . In this regard, see subsequent sections 



A. 6, connecting to the output of Spatial Decoder', ..a 
19 connecting to the output of the Temporal Decoder" 
AS discussed above, it is sufficient to observe activity 
on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 

tes\!rt""/°''"- ^^^^^ - 

tested to identify the Token fin<_=..,» ^ 

- , * lOKen. Unwanted or unrecognized 

,o.ens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 

appropriace acrion zo occur. 
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FurthdVmore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10. "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface. 
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Table A.3.1 Summary of Tokens 
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Table A. 3.1 summary of ToJcens (contd) 
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X.3.4 Description of Toko&s 

This section docusents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A.3*2. 

Note: 

.••r" signifies bits that are currently reserved and carry 
the value 0 

•unless indicated all integers are unsigned 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


0 


0 


BIT_RATE test info only 

Carries the MPEG bit rate parameter P. Generated by the 
Huffman decoder when decoding an MPEG bitstream. 

b • an 18 bit integer as defined by MPEG. 


1 


r 


r 


r 


r 


r 


r 


b 


b 


1 


b 


b 


b 


b 


b 


b 


b 


b 


0 


b 


b 


b 


b 


b 


b 


b 


b 


1 


1 


1 


1 


1 


0 


1 


0 


0 


BROKEN_CLOSED 
Carries two MPEG flag bits: 
c - closed_gap 
b - brokenjink 


0 


r 


r 


r 


r 


r 


r 


c 


b 


1 


0 


0 


0 


1 


0 


1 


0 


1 


CODING_STANDARD 




s 


5 


5 


s 


s 


s 


s 


s 


s - an 8 bit integer indicating the current coding standard. 

The values currently assigned are: 

0-H.261 

1 - JPEG 

2- MPEG 


1 


1 


1 


0 


0 


0 


0 


c 


c 


COMPONENT^NAME 

Communicates the relationship between a component ID and 
the component name. See also... 

c - 2 bit component ID 

n - 8 bit component "name" 


0 


n 


n 


n 


n 


n 


n 


n 


n 


1 


1 


1 


1 


1 


0 


1 


0 


1 


CONSTRAINED 

c - carries the constrained_parameters_f]ag decoded from an 
MPEG bitstream. 


0 


r 


r 


r 


r 


r 


r 


r 


c 



Table A. 3.2 Tokens Implemented In the Spatial 
Decoder and Temporal Decoder (Sheet 1 of 9) 
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7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


0 


1 


c 


c 


DATA 

Carries data through the decoder chip-set. 

c - a 2 bit integer component ID (see A.3.5.1). This field is not 
defined for Tokens that carry coded data (rather than pixel 
infornnation). 


1 


d 


d 


d 


d 


d 


d 


d 


d 




0 


d 


d 


d 


d 


d 


d 


d 


d 


1 


1 


1 


1 


1 


0 


1 


1 


1 


DEFINE_MAX_SAMPLING 

Max. Horizontal and Vertical sampling numbers. These 
describe the maximum number of blocks horizontally/vertically 
in any component of a macroblock. See A. 3.5.2 

h - 2 bit horizontal sampling number 

V - 2 bit vertical sampling number 


1 


r 


r 


r 


r 


r 


r 


h 


h 


0 


r 


r 


r 


r 


r 


r 


V 


V 


1 


1 


1 


0 


0 


0 


1 


c 


c 


DEFINE_SAMPLING 

Horizontal and Vertical sampling numbers for a particular 
colour 

component. See A. 3.5. 2 

c - 2 bit component ID. 

h - 2 bit horizontal sampling number 

V - 2 bit vertical sampling number. 


1 


r 


r 


r 


r 


r 


r 


h 


h 


0 


r 


r 


r 


r 


r 


r 


V 


V 


0 


0 


0 


0 


1 


1 


1 


0 


0 


DHT_MARKER 

This Token informs the Video Demux that the DATA Token 
that follows contains the specification of a Huffman table 
described using the JPEG "define Huffman table segment'* 
syntax. This Token is only valid when the coding standard is 
configured as JPEG. This Token Is generated by the start 
code detector during JPEG decoding when a DHT marker has 
been encountered in the data stream. 



Table A.3.2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 2 of 9) 
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£ 7 6 5 4 3 



1 0 



Description 



1 



DNL MARKER 



This Token informs the Video Demux that the DATA Token that 
follows contains the JPEG parameter NL which specifies the 
number of lines in a frame. 

This Token is generated by the start code detector during 
JPEG decoding when a DNL marker has been encountered in 
the data stream. 



DQT_MARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the specification of a quantisation table 
described using the JPEG "define quantisation table segment" 
syntax. This Token is only valid when the coding standard is 
configured as JPEG. The Video Demux generates a 
QUANT_TABLE Token containing the new quantisation table 
information. 

This Token is generated by the start code detector during 
JPEG decoding when a DOT marker has been encountered in 
the data stream. 



DRI MARKER 



This Token informs the Video Demux that the DATA Token that 
follows contains the JPEG parameter Ri which specifies the 
number of minimum coding units between restart markers. 

This Token is generated by the start code detector during 
JPEG decoding when a DRI marker has been encountered in 
the data stream 



Table A.3.2 



bkens implemented in the Spatial Decoder 



and Temporal Decoder (Sheet 3 of 9) 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


1 


1 


0 


1 


0 


EXTENSION_DATA JPEG 

This Token infonms the Video Demux that the DATA Token that 
follows contains extension data. See A.1 1.3, "Conversion of 
start codes to Tokens", and A. 14.6, "Receiving User and 
Extension data". 

During JPEG operation the 8 bit field *'v" carries the JPEG 
marker value. This allows the class of extension data to be 
identified. 
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0 


0 


0 


1 


1 


0 


1 


0 


EXTENSION_DATA MPEG 

This Token informs the Video Demux that the DATA Token that 
follows contains extension data. See A. 11. 3, "Conversion of 
start codes to Tokens" and A. 14.6, "Receiving User and 
Extension data". 


1 


0 


0 


0 


1 


1 


0 


0 


0 


FIELDJNFO 

Carries information about the picture following to aid its display. 
This function is not signalled by any existing coding standard 

t - if the picture is an interlaced frame this bit indicates if the 
upper field is first (t=0) or second. 

p - if pictures are fields this indicates if the next picture is upper 
(p=0) or lower in the frame. * 

T - a o Dii numDcr inuicaiing posiiion ot ine iieiu in inc o ticiu r^r\u 
sequence. 
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0 
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1 


0 


1 


1 


1 


FLUSH 

Used to indicate the end of the current coded data and to push 

th^ ^nri nf th^ Hatn ^trpsim thmiiah the decoder 


0 


0 


0 


0 


1 


0 


0 


0 


1 


GROUP.START 

Generated when the group of pictures start code is found when 
decoding MPEG or the frame marker is found when decoding 
JPEG. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (sheet 4 of 9) 
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1 
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Description 
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0 


HORI20NTAL_MBS 

h - a 13 bit number integer indicating the horizontal width of the 
picture in macroblocks. 
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HORIZONTAL_SI2E 

h - 16 bit number integer indicating the horizontal width of the 
picture in pixels. This can be any integer value. 
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h 


h 


h 


h 


h 


h 


1 


1 


1 


0 


0 


1 


0 


c 


c 


JPEG_TABLE_SELECT 

informs the inverse quantiser which quantisation table to use on 
the specified colour component. 

c - 2 bit component ID (see A.3.5.1 ) 

t - 2 bit integer table number. 




r 


r 


r 


r 


r 


r 


t 


t 


1 


0 


0 


0 


1 


1 


0 


0 


1 


MAX_COMPJD 

m - 2 bit integer indicating the maximum value of component ID 
(see A.3.5.1 ) that wilt be used in the next picture. 


0 


r 


r 


r 


r 


r 


r 


m 


m 


0 


1 


1 


0 


1 


0 


1 


c 


c 


MPEG_DCH TABLE 

Configures which DC coefficient Huffman table should be used 
for colour component cc. 

c - 2 bit component ID (see A.3.5.1 ) t - 2 bit integer table 
number. 


0 


r 


r 


r 


r 


r 


r 


t 


t 


0 


1 


1 


0 


0 


1 


1 


d 


n 


MPEG_TABLE_SELECT 

Informs the inverse quantiser whether to use the default or user 
defined quantisation table for intra non-intra information. 

n • 0 indicates intra information. 1 non-intra. 

d - 0 indicates default table. 1 user defined. 



Table A.3.2 Tokens implemented in the Spatial Decoder 
and Temporal Decoder (Sheet 5 of 9) 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


0 


1 


d 


V 


V 


V 


V 


MVD_BACKWARDS 

Carries one component (either vertical or horizontal) of the 
backwards motion vector. 

d - 0 indicates x component, 1 the y component 

V - 12 bit two's complement number. The LSB provides half pixel 
resolution. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


1 


1 


0 


0 


d 


V 


V 


V 


V 


MVD_FORWARDS 

Carries one component (either vertical or horizontal) of the 
fonwards motion vector. 

d - 0 indicates x component, 1 the y component 

V - 12 bit two's complement number. The LSB provides half pixel 
resolution. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


0 


0 


0 


0 


0 


0 


0 


0 


0 


NULL 

Does nothing 


1 


1 


1 


1 


1 


0 


0 


0 


1 


PEL^ASPECT 

p - a 4 bit integer as defined by MPEG 


0 


r 


r 


r 


r 


P 


P 


P 


P 


0 


0 


0 


0 


1 


0 


1 


1 


0 


PICTURE_END 

Inserted by the start code detector to indicate the end of the 
current picture. 


1 


1 


1 


1 


1 


0 


0 


0 


0 


PICTURE_RATE 

p - a 4 bit integer as defined by MPEG. 


0 


r 


r 


r 


r 


P 


P 


P 


p 


1 


0 


0 


0 


1 


0 


0 


1 


0 


PICTURE_START 

Indicates the start of a new picture. 

n - a 4 bit picture index allocated to the picture by the start code 
detector. 


0 


r 


r 


r 


r 


n 


n 


n 


n 



Table A.3.2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 6 of 9) 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE.TYPE MPEG 

p - a 2 bit integer indicating the picture coding type of the picture 
that follows: 

0 - Intra 

1 - Predicted 

2 - Bidirectionally Predicted 

3 - DC Intra 


0 


r 


r 


r 


r 


r 


r 


p 


P 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE_TYPE H.261 

Indicates various H.261 options are on (1) or off (0). These options 
are always off for MPEG and JPEG: 

s - Split Screen Indicator 
d - Document Camera 
f - Freeze Picture Release 
Source picture format: 
q = 0-QCIF 
q = 1 - CIF 


1 


r 


r 


r 


r 


r 


r 


0 


1 


0 


r 


r 


s 


d 


f 


q 


1 


1 


0 


0 


1 


0 


h 


y 


X 


b 


f 


PREDICTION_MODE 

A set of flag bits that indicate the prediction mode for the 

macroblocks that follow: 

f • fonvard prediction 

b - backward prediction 

X - reset forward vector predictor 

y - 16061 uanvwaiu vcutur prcuiciur 

h - enable H.261 loop filter 
























































0 


0 


0 


1 


s 


s 


s 


s 


s 


QUANT_SCALE 

Informs the inverse quantiser of a new scale factor 

s - a 5 bit integer in range 1...31 . The value 0 is reserved. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 7 of 9) 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


1 


r 


t 


t 


QUANT_TABLE 

Loads the specified inverse quantiser table with 64 8 bit unsigned 
Integers. The values are In zig-zag order. 


1 


q 


q 


q 


q 


q 


q 


q 


q 


n 


n 


q 


q 


q 


n 

q 


q 


q 


q 


0 


0 


0 


0 


1 


0 


1 


0 


0 


SEQUENCE_END 

The MPEG sequence__end_code and the JPEG EOl marker cause 
this Token to be generated. 




















0 


0 


0 


0 


1 


0 


0 


0 


0 


SEQUENCE_START 

Generated by the MPEG sequence_start start code. 




















1 


0 


0 


0 


1 


0 


0 


1 


1 


SLICE_START 

Corresponds to the MPEG sllce_start, the H.261 GOB and the JPEG 
resync Inten/al. The interpretation of 8 bit Integer "s" differs between 
coding standards: 

MPEG - Slice Vertical Position - 1. 

H.261 - Group of blocks Number - 1 . 

JPEG - resychronisation Interval Identification (4 LSBs only). 


0 


s 


s 


s 


s 


s 


s 


s 


s 


1 


1 


1 


n 
u 


-1 
1 




u 


f 

I 


f 

I 


TEMPORAL_REFERENCE 

t - carries the temporal reference. For MPEG this Is a 10 bit Integer. 
For H.261 only the 5 LSBs are used, the MSBs will always be zero. 


0 


t 


t 


t 


t 


t 


t 


t 


t 


1 


1 


1 


1 


0 


0 


1 


0 


d 


TIME^CODE 

The MPEG time_code: 

d - Drop frame flag 

h - 5 bit integer specifying hours 

m - 6 bit integer specifying minutes 

s - 6 bit integr specifying seconds 

p - 6 bit integer specifying pictures. 


1 


r 


r 


r 


h 


h 


h 


h 


h 


1 


r 


r 


m 


m 


m 


m 


m 


m 


1 


r 


r 


s 


s 


s 


s 


s 


s 


0 


r 


r 


P 


P 


P 


P 


P 


P 



Table A.3.2 Tokens implemented in the Spatial Decoder 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA JPEG 


n 


V 


w 
V 


w 
V 


V 


V 


w 
V 


V 


V 






















that follows contains user data. See A. 11. 3, "Conversion of 




















start codes to Tokens",and A. 14.6, "Receiving User and 




















Extension data". During JPEG operation the 8 bit field carries 




















the JPEG marker value. This allows the class of user data to 




















be identified. 


0 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA MPEG 




















This Token Informs the Video Demux that the DATA Token 




















that follows contains user data See A 1 1 3 "Conversion of 




















Start codes to Tokens", on page 102 and A. 14.6, "Receiving 




















User and Extension data" 




1 


1 


1 


0 


1 


1 


0 


1 


VBV_BUFFER_S!ZE 


'' 


r 


r 


r 


r 


r 


r 


s 


S 


s - a 10 bit integer as defined by MPEG. 




s 


s 


s 


s 


s 


s 


s 


S 






1 


1 


1 




1 


1 




VJ 


VRV/ nPI AV 




b 


b 


b 


b 


b 


b 


b 


b 


b - a 16 bit integer as defined by MPEG 




b 


b 


b 


b 


b 


b 


b 


b 






1 


1 


1 


1 


1 


1 


0 


1 


VERTICAL_MBS 




r 

t 


r 


r 
t 


V 


V 


V 


V 


V 


v - o lo uii inieger inuicaiing ine venicai size or ine piciure in 




















macroblocks 




r 


r 


r 


V 


V 


V 


V 


V 






1 


1 


1 


1 


0 


0 


1 


1 


VERTICAL_SIZE 




V 


V 


V 


V 


V 


V 


V 


V 


V - a 16 bit integer indicating the vertical size of the picture in 




















pixels. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


This can be any integer value. 



Table A.3.2 Tokens implemented in the Spatial Decoder 
and Temporal Decoder (Sheet 9 of 9) 
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A.3.5 Numbers signalled In Tokens 

A.3.5.1 Component Identification number 

In accordance with the present invention, the Component ID number 
5 is a 2 bit integer specifying a color component. This 2 bit field is typically 
located as part of the Header in the DATA Token. With MPEG and H.261 
the relationship is set forth in Table A.3.3. 



a 
m 

rU 



h 



ry 



Component ID 


MPEG or H.261 colour component 


0 


Luminance (Y) 


1 


Blue difference signal (Cb/U) 


2 


Red difference signal (CrA/) 


3 


Never used 



Table A.3.3 Component ID for MPEG and H.261 
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Wi^h JPEG the situation is aore complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
specification of color components arrive at the decoder « 
X.3.S.2 Borisoatal and Vertical saapliBg atimbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblocX. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Ficpare 36) and component IDs allocated as per 
Table A. 3. 4. 



Comoonent 10 


Honzonui 
tampting 
number 


Wtdth in btocKs 


Vertical 
sampting 
rtumber 


Heigrii in blocks 

! 

1 


1 0 1 


2 1 


2 


1 


0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not usee 


Not used 


Not used 


Not used 



Table A. 3. 4 Sampling nximbars for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. See 
5 A.3.5.1. Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A.3.5. 



Component ID 


Horizontal 
Sannpling 
number 


Width in 
blocks 


Vertical 
Sampling 
number 


Height in 
blocks 


Y 


1 


2 


0.00 


1 


U 


0.00 


1 


0.00 


1 


V 


0.00 


1 


0.00 


1 



M Table A.3.5 Sampling numbers for 4:2:2 JPEG 



A.3.6^«cial Token formats 

In accordance with the present invention, tokens such 
the DATA Token and the QUANT_TABLE Token are used in the; 
"extended form" within the decoder chip-set. in the 
extended form the Token includes some data. in the case 
DATA Tokens, they can contain coded data or pixel data, 
the case of QI;ant_TABLE tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



1 Token Name 


MPEG 


JP£G 


H.2S1 


j BIT.RATE 


- 1 I I 


BROKEN^CLOSED 


^ 1 1 


COOING.STANOARD 




/ 


1 ' \ 


COMPONENT.NAME 


- 1 


1 CONSTRAINED 


✓ 




DATA 


✓ 


/ 




DEFINE.MAX.SAMPLING 




/ 




DEFIN£_SAMPUNG 


✓ 


/ 




DHT.MARKER 


1 


- 1 




DNL.MARKER 






DQT.MARKER 


\ " i 


DRLMARKER 




^ 1 



le A. 3. 6 tokens for different standards 



^ ^ Tokmn rsume 


MPEG 






EXTENSION.DATA 


/ 


/ 




FIELO_INFO 




1 


FLUSH 


/ 


i " 


1 - ! 


GROUP.START 


/ 


1 ' 




HORIZONTAL.MBS 


/ 


1 - 




HORIZONTAL.SIZE 


✓ 




1 i 


JPEG.TABLE.SELECT 




y i 


MAX_COMP_ID 








MPEG.DCH.TABLE 




MPEG.TABLE.SELECT 




MVO.BACKWARDS 








MVD.FORWARDS 






NULL 






/ 


PEL.ASPECT 


! 


PICTURE.END 




y \ 




PICTURE.RATE 


i 1 


PICTURE.START 




' 1 


" i 


PICTURE.TYPE 




✓ i 


^ 1 


PREDICTION_MODE 


/ 1 

1 


! 


1 


QUANT.SCALE 


/ 


1 


/ 1 


QUANT.TABLE 


/ 


/ 1 


! 


SEOUENCE.ENO 


/ 




SEQUENCE.START 


/ 






SLICE.START 


/ 


- ! 


^ 1 


TEMPORAL.REFERENCE 






TIME.CODE 


- ! i 1 


USER.OATA 


^ \ 


- 1 


i. 


VBV.BUFFER.SIZE 


' \ ! ! 


VBV.DELj^Y 


' i 1 


VERTICAL.MBS 


' i 


/ ! 




VERTICAL.SIZE 






/ 1 
1 



Tat)<€ A.3.6 Tokens tor different standards (contd) 
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A. 3. 7 Vmm of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3. 6. 
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SECTION A.4 The two wire interface 

A.4.1 Two'-vir* lat«rfactts and thm Tok«& Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
Data is only transferred between blocks when both the 
sender and receiver are observed to be ready when the clock 
rises* 

1) Data transfer 

2) Receiver not ready 

3 ) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 
output until it is accepted by the receiver. 

When Token information is transferred between blocks the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A.4.2 irhere used 

The decoder chip-set, in accordance with the present 
invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4. 3 Bus signals 

The width of the data word transferred by the two-wire 
interface varies depending upon the needs of the interface 
concerned (See Figure 35, ••Tokens on interfaces wider than 
8 bits'*. For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine transform (IDCT), but only 9 bits 
are output. 
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Table A.4.X TWO wire interface «*.t. width 

In addition to the data signals there are 
?nals transmitted via th^ rl, ■ ""^^ 
•valid two-wire interface: 



s ig 



• accept 
. extension 
A. 4. 3. 1 Thm extansion signal 



A. 4. 4 Design considerations 

The decoder chips should be placed .J 
other, so as to min,™- Placed adjacent to each 

between chaps Whe.e " °^ 

-pt below L ";;e^°::t" ^^-^^^^ - 

to a ninimun,. "pacitance should be kept 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips" J 
5^ All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A.4«5 Interface timing 



Num. 

j 


Characteristic 


30 MHZ 


Unit 


Note* 


Mtn. 


Max. 


' t input si^ai s«t-uo om« 


S 




ns 




2 inout signal notd ttmt 


0 




ns 




3 Outout signaj criva om« 




23 ns 




4 1 Outout stgnaj noid ame 


2 




ns 





Table A. 4. 2 Two wire interface timing 



a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 F 



Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10.5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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A.4.6 Signal levels 

The two-wire interface uses CMOS inputs and output. 
ViHmin is approx. 70% of Vdd and ViLmax is approx. 30% of Vdd- 
5 The values shown in Table A.4.3 are those for Vih and Vil at their 
respective worst case Vdd. Vdd=5.0V0.25V. 



oymool 


Parameter 


Min. 


Max. 


Units 




Input logic '1' voltage 


3.68 


Vim' 0.5 


V 


v„. 


Input logic 'O' voltage 


GND-0.5 


1.43 


V 


VoH 


Output logic '1' voltage 


V my 0.1 




V" 


Vni>-0.4 






Vol 


Output logic '0* voltage 




0.1 






0.4 




I,. 


Input leakage current 




± 10 


OA 



Table A.4.3 DC electrical characteristics 

a. loH#1nriA 
10 b. loH#4mA 



c. loL#1nnA 

d. loL#4nnA 



A.4.7 Control clock 
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In general, the clock controlling the transfers across the 
two wire interface is the chip's decoder_clock. The exception is 
the coded data port input to the Spatial Decoder. This is 
controlled by coded_clock. The clock signals are further 
described herein. 
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SECTION A.5 DRAM Interface 
A.5.1 The DRAM interface 

A single high performance, configurable, DRAM interface is 
used on each of the video decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, the 
interfaces differ from one another in how they handle channel 
priorities. The interface is designed to directly drive the DRAM used 
by each of the decoder chips. Typically, no external logic, buffers or 
components will be necessary to connect the DRAM interface to the 
DRAMs in most systems. 



A.5.2 Interface signals 



Signal Name 


Input/ 
Output 


Description 


DRAM_data [31 :01 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus 
can be configured to be 16 or 8 bits wide. See section 
A.5.8. 


DRAM_addr[10:0l 


O 


The 22 bit wide DRAM interface address is time 
multiplexed over this 1 1 bit wide bus. 


RAS 


O 


The DRAM Row Address Strobe signal 


CAS 


o 


The DRAM Column Address Strobe signal. One signal 
is provided per byte of the interface's data bus. All the 
CAS signals are driven simultaneously. 


WE 


o 


The DRAM Write Enable signal 


OE 


o 


The DRAM Output Enable signal 


DRAM_enabIe 


1 


This input signal, when low, makes all the output 
signals on the interface go high impedance. 

Note: on-chip data processing is not stopped when the 
DRAM interface is high impedance. So. errors will 
occur if the chip attempts to access DRAM while 
DRAM_enable is low. 



Table A.5.1 DRAM interface signals 
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10 



In accordance with the present invention the in^o . 
is configurable in two ways: interface 
■The detail timing of the interface can be 
configured to accommodate a variety of 
different DRAM types 
.The "vidth" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A. 5, 3 Configuring the dram interface 

Generally, there are three groups of registers 
associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A 5 .) should 
1= be configured last. ^ should 

A.S.3.X Conditions after reset 

preseV/ in«rta«, in a==ord,„c. with 

present .nventxon. starts op.ration with a set of default 

op: a":i::"":"" " ^^-^ : 

IZulr't ""t^'''''' °^ -"^'ace Win ccntinuall, 

ZT II '"=^"^-5 other transfers,, 

refrelh " ' 

refr.sh_i„«rval. The ORAM interface win th.r, h k, 
pertorn, other types of tr.nsf.. ^ " 

BUS confij^atio: " "'"^^ 
Pe done""hV'""'°" '"^i«ers in Table A. 5.:, should only 

ter ace Th"e° I' T"""' """^"^ 
interfac The interface is placed in this condition 

...ediately after reset, and before a value is written into 
refr.sh_interval. The interface can be re-conf i,ur.d 
leter, if required, only when no transfers are being 
««„pted. see the Temporal Decoder chip access register 
'Alo.3.1) and the Spatial Decoder buffer manager access 
register (A.13.i.i,. " .access 
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A. 5.3.^ Interface timing configuration 

In accordance wit-n 
" ^^e interface \iLT '7"" modification, 
controixed by "e , 
; writing i to rK "'"'^'^''«-^''»i"9-««s= rogist.r. 

r>.^s.ii n\":irrr:: :o"r^ 

Interfax*. ^- • ^ modified. While 

^nter.,ce.ti.in,.acce=s ^e.o . t,': t 
interface ti„i„, r.,isters. ' '° °' 

t.:rte"r-r;at:r^".;e° - 

-n trane7erre/;o t^'o J^t^f r"'""""" ""^ 
A.S.3.4 Refresh configuration 

is „.itten to ^ 

n=r„.l operation i! ^^-^^^ 
start-up reguirem^n/ ! Accordingly, these DRAM 

P i^eguirements should be satiefi^^ k * 
value to refresh_interval ^"^^^^^^ before writing a 

AU the'^f ion register, 

^nvel'. ." carbe'"'^"^^^ ™ 
. ion can be read at any time. 

A-S--. interface timing (ticks) 
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The^RAM interface tining is derived from a Clock which 
IS running at four tinges the input clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 



PLL 



For brevity, periods of this high speed clock are 
referred to as ticks. 



A. 5. 5 Interface registers 
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Hi 



Register name 



interface_tinning_access 



page_startjength 



transfer_cycle_length 



refresh_cycle_length 



RAS_falltng 



CAS_falling 



Size/Dir. 



1 

bit 



5 

bit 



bit 



4 

bit 



4 

bit 



bit 



Reset State 



Description 



This function enable register allows access 
to the DRAM interface timing configuration 
registers. The configuration registers 
shoutd not be modified while this register 
requests access to modify the configuration 
registers. After a 0 has been written to this 
register the DRAM interface will start to use 
the new values in the timing configuration 
registers. 



Specifies the length of the access start in 
ticks. The minimum value that can be used 
is 4 (meaning 4 ticks). 0 selects the 
maximum length of 32 ticks. 



Specifies the length of the fast page read or 
write cycle in ticks. The minimum value that 
can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 



Specifies the length of the refresh cycle in 
ticks. The minimum value that can be used 
is 4. (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. 



Specifies the number of ticks after the start 
of the access start that RAS fa"s. The 
minimum value that can be used is 4 
(meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 



Specifies the number of ticks after the start 
of a read cycle, write cycle or access start 
thatCy^iS ^afls. The minimum value that 
can be used is 1 (meaning 1 tick). 0 selects 
the maximum length of 16 ticks. 



Table A. 5. 2 Interface timing configuration registers 
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Register name 










Size/Dir. 


Reset State 


Description 














DRAM_data_width 


2 

hit 

rw 


0 


Specifies the number of bits used on the 
DRAM interface data bus DRAM_data 
[31:0]. See A. 5.8. 




row_address_bits 


2 


0 


Specifies the number of bits used for the 
row address portion of the DRAM 


a 

' 1 : 




t-.it 




interface address bus. SeeA.5.10. 






rw 






Q 


u r\/\ivi_e n a D 1 e 


A 

1 

hit 

Ull 


1 


Writing the value 0 in to this register 
forces the DRAM interface into a high 
impedance state. 0 will be read from 










this register if either the DRAM_enable 










signal is low or 0 has been written to the 


iu 




rw 




register. 


F 


CAS_strength 


3 


6 


These three bit registers configure the 










output drive strength of DRAM interface 
signals. This allows the interface to be 




RAS_strength 


bit 












configured for various different loads. 




addr_strength 














See A.5.13 




DRAM_data_strength 


rw 






OEWE_strength 









Table A.5.3 Interface bus configuration registers 
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A. 5. 6 Interface operation 

The DRAM interface uses fast page mode. Three different types of 
access are supported: 

5 • Read 

• Write 

• Refresh 

Each read or write access transfers a burst of 1 to 64 bytes to a single DRAM 
'^4 page address. Read and write transfers are not mixed within a single access 

i2 10 and each successive access is treated as a random access to a new DRAM 



^ff page. 



: * : 
= ^ 


Register name 










Size/Dlr. 


Reset State 


Description 














refresh_interval 


8 


0 


This value specifies the interval 








between refresh cycles in periods of 16 


ru 




bit 




decoder_clock cycles. Values in the 


i2 




rw 




range 1..255 can be configured. The 
value 0 is automatically loaded after 
reset and forces the DRAM interface to 
continuously execute refresh cycles 
until a valid refresh interval is 
configured. It is recommended that 
refresh_interval should be configured 
only once after each reset. 




no_refresh 


1 

bit 
rw 


0 


Writing the value 1 to this register 
prevents execution of any refresh 
cycles. 



Table A.5.4 Refresh configuration registers 
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10 



A.S.7*-,A«cesa structure 

Each access is composed of two parts: 
•Access start 
•Data transfer 

.=«ss" tar?"7 "cess ..,i„s „UH 

cycles. in addition, there is a read, urite and refresh 
variant c. .oth the acce„ sta.t and the .ata trans.:: 

upon completion of the last data transfer for a 
's:e"rs\^ rVl' -e^awt state 

IS ready to be,in. If a new access is ready to 
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begin when the last access has finished, then the new access will 
begin immediately. 

A.5.7.1 Access start 

The access start provides the page address for the read or 
write transfers and establishes some initial signal conditions. In 
accordance with the present invention, there are three different 
access starts: 

• Start of read 

• Start of write 

• Start of refresh 



Num 


Characteristic 


Min. 


Max. 


Unit 


Notes 


5 


RAS precharge period set by 
register falling 


4 


16 


tick 




6 


Access start duration set by 

reQisteroaae start lenath 
RAS 


4 


32 






7 


CAS precharge length set by 
register CAS_falling. 


1 


16 




a 


8 


Fast page read or write cycle 
length set by the register 
transfer_cyclejength. 


4 


16 






9 


Refresh cycle length set by the 
register refresh_cycle. 


4 


16 







Table A.5.5 DRAM Interface timing parameters 



a. This value must be less than RAS_falling to ensure cas 
before refresh occurs. 
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In Mch case, the timing of RAS and the row address is 
controlled by the registers RAS_f ailing and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until **RAS 
falls. The three different access start types only vary in 
how they drive OE and DRAM_data [ 31 : 0] when RAS falls. See 
Figure 43. 

X.5.7.2 Data transfer 

In the present invention, there are different types of 
data transfer cycles: 
.Fast page read cycle 
.Fast page late write cycle 
.Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or %/rite) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first %nrite transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
X.5*7.3 Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 

RAS, CAS and WE high 

*data and OE remain in their previous state 
. addr remains stable 
A. 5. 8 Data bus width 
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The*tWK, bit n 



«f ..K "register. DRAM data width -11 

Of the DRAM interface's d^t-, " the width 

-liows the DRAM costti '"V configured. This 
snail Picture formats "^"^"i^^ -^en working with 



I. J 

'J 
cn 



111 

1:5 

id 



10 




Table A.S.6 configuring DRAM_dat._vidth 

a. Default after reset. 

»^eld high impedance. 

A. 5. 9 row address width 

The number of bits that are tak«n ^ 
section of the 24 hih < . ^'^^ middle 

internal address in 
the row address is configured by the r 
row_address_bits. ^ register. 
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10 



A.S. i»^Adr«aa bits 

on-chip, . J, generated. „o„ this 

"dress ,3 used to ,or. the row ,„d column addresses 

::::: :d°:,:tr::: ::r - 
sn tne :n:::n:r::::ee.t:s"r:r:::r:r 

therefore, produce "hidden bits)". 

Similarly, the row address is extra^«.«H ^ 
portion Of i-ho extracted from the middle 

rHe lt IIT I Accordingly, this maximizes the 

rate at which the DRAM is naturally refreshed. 



f3 

ru 




T«bl. A. 5.8 Mapping between int 



ernal and external addreaaea 



10 



25 



197 

A. 5 



30 



X^l* Low order column address bits 

ar/ulel"." » " ^ =f .h. column 

are used to provxde addresses (cr tasr pa,e n,od. transfers 
o£ up to .4 bytes. The number of address bits rem - 
control these transfers .UX depend on the " th ! t" ^ 
data bus (see A. 5. 8) ^® 
A. S. 10.2 



Where cnl ' '° 

Where only a single ban^c of DRA« is used, the width of 

APPI c°a"t "'^"^ " '^-^ - -Vd. 

Applications that require more memory than can be typically 
provided by a single ORAM ban., can configure a wider r^w 
address and then decode so.e row address bits to select . 

Single DRAM bank- seiecr a 

NOTE 



Q 

sy 

p. 

H 20 In 

I'U 
p 



15 th extracted from the .iddle of 

15 the internal address Tf ^ 

aaress. if some bits of the row address are 



decoded to select ban.s of o^. then-'all'-possi 

::h::!::e, t:.r:::: rr:::-- - 

-^^'^ ■>■" the address space 
A. 5. 11 DRAM Interface enable 

In the present invention, there are two ways to maKe all 
.e ou.p., 3i,nals on the ORAM interface become hi.h 

ro^^enlb:" ORAM.enable register and 

the DRAM-enable signal. Both the reaister anH 

i3":::rto"h::h":::eda::e'"^" - 

terrace is at high impedance. Therefore error.; 
-11 occur if the chip attempts to access ORA« whi^; the 
interface is at high impedance. 

caKe"trn?"" """" invention, the ability to 

taRe the DRAM interface to high impedance is provided to 
allow other devices to test or use the ORA« controlled by 
«e spatial Decoder ,or the Temporal Decoder, when the 



Spatxa* decoder (or the Temporal Decoder, .s not in use 
It xs not intended to allow other devices to share the ' 
memory during normal operation. 
A. 5. 12 Refresh 

r. ""LT "-•i'^"^ " the register, no refresh 

the DRAHxnter^ace viu euto.aticeUy refresh t^,\^ 
us.h, .-7:35 .before lots refresh cycle at en interval 
determined by the register, refresh interval 

The value in r.f r.sh_interval specifies the interval 
between refresh cycles in periods of 16 decoder cloCc 
cycles, values in the rang. 1,255 can be configured. The 

ol"^„t'\""""'""^ '"^^^ th' 
DRA« interface to continuously execute refresh cycles <once 

enabled, until a valid refresh interval is configured. It 

ZrZTlT "'"^•'--"rval Should be configured 

only once after each reset. 

"hile -rem is asserted, the DRA« interface is unable to 
refresh the 0^. However, the reset tin. reguired by the 

tllT.::T - that it Should b. 

possible to reset then, and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5. 13 Signal strengths 

can^be interface 
can be configured by the user using the 3 bit registers 
CAS.strength. RAS.strength . addr strength. 
DRAM_data.=trength, and OEWE.stringth . The MSB of this , 
bit value selects either a fast or slow edge rate. The two 

«s significant bits configure the output for differ^t 
load capacitances. 

The default strength after reset is 6 and this 

" approximately 10ns to drive 

a signal between GND and v if ^ 

"'"J vjjp if loaded with 24 F. 
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VP 
SI 



O 

5,-H. 

fU 



10 




Table A. 5. 9 output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
It IS driving, it will meet the AC electrical 
Characteristics specified in Tables A. 5. 13 to A. 5. 16. when 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5. 14 Electrical specifications 

AH information provided in this section is merely 
illustrative of one embodiment of the present invention and 
IS included by example and not necessarily by way of 
limitarion. 
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5:r - 




Table A. 5. 10 Maxinun Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 

be used to ensure reliability of operation. 



lU 




Table A. 5. 11 

a. With TBA linear ft 



DC Operating conditions 

/min transverse airflow 
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Pa ra m^tp r 




Max. 


Units 
















2.8 






'n 


wuipul curicni 






PM 


'oz 


Outnut nfF ^tate leakaae current 


± 20 




uA 


'IZ 


Input leakage current 


± 10 




ma 


'DD 


RMS power supply current 




500 


mA 




Input capacitance 




5 


PF 


""OUT 


Output no capacitance 




5 


PF 



Table A.5. 12 DC Electrical characteristics 

a. AC parameters are specified using VoLmax = 0.8V as the 
measurement level. 

b. This is the steady state drive capability of the interface. 
Transient currents may be much greater. 
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A.5.14^1«AC Characteristics 



m 




Table A. 5. 13 Differences fro» nominal values for a 

a. AS wxii be appreciated by one of ordinary ski 
the art, the driver strength of the signal must be 
configured appropriately for its load. 



strobe 

11 in 



lis 




Table A. 5. 14 Differences from nominal 
values between two strobes 

The driver strength of the two signals must 
configured appropriately for their loads. 



be 
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1:3 




a . 



Table A.S.15 Differences from noaiaal 
between a bus and a strobe 



The driver strength of 



be 



the bus and the strobe must 



configured appropriately for their 1 



oads . 



ru 




Table A.5.x« Differences from nominal 
between a bus and a strobe 



When reading from DRAM, th 



DRAM_datar31:0, as thers^ signals ri 



e DRAM interface samplei 



se 



IP 
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U 

'-. 3 

'"4 

b 

ru 



ru 

r3 




tCAS 



iCAC 



tw? 



tfUSC 



tACPACPA 



tRCO 



tCSR 





tCSH 


tflp 


12 


1 IflWL 


ICP 


1 rCwi 


tCPN 


tRAC 



14 



15 



tASC 



tos 



tRAH 



tCHR 



tCAH 



tOH 



ICRP 



tRCS 



tRCH 



tRRM 



tRPC 



ICP 



tRPC 



17 



tAR 



IRAL 



tRAO 



19 



20 



21 



22 



Table A. 5. 17 cross-reference between "standard- 



parameter names and t 



DRAM 



aming parameter numbers 
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SECTION A.6 Microprocessor interface (MPI) 

A standard byte wide microprocessor interface (MPI) is used on all 
chips in the video decoder chip-set. However, one of ordinary skill in the 
5 art will appreciate that microprocessor interfaces of other widths may also 
be used. The MPI operates synchronously to various decoder chip 
clocks. 



A.6.1 MPI signals 





Signal Name 


Input/ 
Output 


Description 


= Q 

M 


enable I^'O] 


Input 


Two active low chip enables. Both must 
below to 


s > 

ifl 

=-( ! 






enable accesses via the MPI. 


E y 

5: 

b 

ru 
□ 


rw 


Input 


High indicates that a device wishes to 
read values from the video chip. This 
signal should be stable while the chip is 
enabled. 




addr[n:0] 


Input 


Address specifies one of 2" locations in 
the chip's memory map. This signal 
should be stable while the chip is enabled. 




data[7:0] 


Output 


8 bit wide data I/O port. These pins are 
high impedance if either enable signal is 
high. 




irq 


Output 


An active low, open collector, interrupt 
request signal. 



Table A.6.1 MPI interface signals 



10 
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A.6.2 MPI electrical specifications 



Symbol 


Parameter 


Min. 


Max. 


Units 


Vdd 


Supply voltage relative to GND 


-0.50 


6.5 


V 


V|N 


Input voltage on any pin 


GND - 0.5 


Vdd + 0.5 


V 


Ta 


Operating Temperature 


-40.00 


+85 


*C 


Ts 


Storage Temperature 


-55.00 


+150 


*C 



Table A.6.2 Absolute Maximum Ratings^ 



Symbol 


Parameter 


Min. 


Max. 


Units 


Vdd 


Supply voltage relative to GND 


4.75 


5.25 


V 


GND 


Ground 


0.00 


0 


V 


V|H 


Input logic '1' voltage 


2.0 


Vdd + 0.5 


v" 


V|L 


Input logic '0' voltage 


GND -0.5 


0.8 


v(a) 


Ta 


Operating Temperature 


0.00 


70 





Table A.6.3 DC Operating conditions 

a. AC input parameters are measured at a 1 .4V measurement level. 

b. With TBA linear ft/min transverse airflow. 
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Symbol 


Parameter 


Min. 


Max. 


Units 


Vol 


Output logic '0' voltage 




0.4 


V 


VoLoc 


Open collector output logic *0' voltage 




0.4 




VOH 


Output logic '1' voltage 


2.4 




V 


lo 


Output current 


± 100 




ha'' 


IQoc 


Open collector output current 


4.0 


8.0 




loz 


Output off state leakage current 




±20 




hN 


Input leakage current 




± 10 


^A 


'dd 


RMS power supply current 




500 


mA 




Input capacitance 




5 


PF 


COUT 


Output /lO capacitance 




5 


PF 



Table A.6.4 DC Electrical characteristics 

a. Iq < loocmin 

b. This is the steady state drive capability of the interface. Transient 
currents may be much greater. 

c. When asserted the open collector irq output pulls down with an 
impedance of 100 Q or less. 
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A.6.2.1 AC characteristics 



■'4 



Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes 
a 


25 


Enable low period 


100 




ns 




26 


Enable high period 


50 




ns 




27 


Address or rw set up to chip enable 


0.00 




ns 




28 


Address or rw hold fronn chip disable 


0.00 




ns 




29 


Output turn-on time 


20 




ns 




30 


Read data access time 




70 


ns 


b 


31 


Read data hold time 


5 




ns 




32 


Read data turn-off time 




20 







Table A.6.5 Microprocessor interface read timing 



a. The choice, in this example, of enable [0] to start the cycle and enable 
5 [1] to end it is arbitrary. These signal are of equal status. 

The access time is specified for a maximum load of 50 pF on each of 
the data [7.0]. Larger loads may increase the access time. 



Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes 


33 


Write data set-up time 


15 




ns 


a 


34 


Write data hold time 


0.00 




ns 





Table A.6.6 Microprocessor interface write timing 



ru 



b. 



a. The choice, in this example, of enable t^l ^^^^ 
cycle and enable J arbitrary. These signal are of equal 

status. 
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A- 6 • 3 *-Iaterrupts 

in accordance with the present invention, "event" is the 
term used to describe an on-chip condition that a user 
mxght want to observe. An event can indicate an error or 
it can be informative to the user's software. 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register. 
A. 6. 3.1 condition event register 

The condition event recri«:i-«»- , 

ent register is a one bit read/write 

register whose value is set to one by a condition occurring 
within the circuit. The register is set to one even if the 
condition was n,erely . transient and has now gone away The 
register is then guaranteed to remain set to one until the 
user's software resets it (or the entire chip is reset, 

The register is set to zero by writing the 

value one 

•writing zero to the register leaves the register 
unaltered. 

• The register must be set to zero by user 
software 

before another occurrence of this condition can 
be observed. 

•The register will be reset to zero on reset. 
A. 6. 3. 2 condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register(s) 
-(are, set. if the condition event is already set when i 
is. written to the condition mask register, an interrupt 
request will be issued immediately. 
The value i enables interrupts. 
•The register clears to zero on reset., 
unless stated otherwise a block win stop operation 



10 
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after -jeaerating an interrupt request and will re-start 
operation after either the condition event or the condition 
mask register is cleared. 
A. 6. 3. 3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
summarizes the event activity on the chip. The chip event 
register presents the OR of all the on-chip events that 
15 have 1 in their mask bit. 

A 1 in the chip mask bit allows the chip to generate 
interrupts. A 0 in the chip mask bit prevents any on-chip 
events from generating interrupt requests. 

writing 1 to 0 to the chip event has no effect. it will 
only clear when all the events (enabled by a l in their 
mask bit) have been cleared. 
A. 6. 3.5 The irq signal 

The iT^ signal is asserted if both the chip event bit 
and the chip event mask are set. 
25 The r?i signal is an active low, "open collector" output 

whiclwequires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of lOOn or 
less . 

I will be appreciated that pull-up resistor of 
approximately 4kn should .be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6. 4.1 Stopping circuits to enable access 

In the present invention, most registers can only 
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10 



^•*i.d if th. block with Which th.y ar« associated is 
:ro;pt: Therefore, groups o. register, will normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
7r«aisters associated with that access register 
To:!d not leTodlfied. Writing 1 to an access register 
Should not be - stopped. However, the block may 

redtatrard blofk. acce.. register will hold 

^^\r:J.r ::.tirtouid wait .... ^ 

- 1 is read from the access 



are undefined. 

X < 4 2 Regiaters holding integers 

X.«.4.a WJ- ^ of any byte in the memory nap 

The least significant bit of any oy^.^ 

associated with the signal datatO]. 
Re," t." V«t hcia in«,.rs value, greater .hen B 
Register. consecutive byM locations in 

are split over either 2 or * „ 3hown 

„ the -«iory .ap. The byte " "'J. .^^.^ the 

in Figure 55. Ho-ever, no ..sumption. 
order in which byte, are written into .ulti-byte 

registers. return a 0 when read 

unused bits ^;-;„-7;-,r,:;3"Jlding signed 

rrisr.e:"tL%ost significant bit o. tne 

Register will be sign emended. Tor exa-p . • 
.igned regi.ter will be ""Tie bit ^Ury ».p 

.e.ory location (two * ^^^^ „„„ a 0 

„ location holding a 12 bit unsigned integer will 
from its bost significant bits. 
> < < 3 Hevboled address loeatloBS 

„ the present invention, certain less "'^"""V 
eccessed Lory «p locations have been placed behind 
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10 



20 



25 



30 



it, 



•ha*ea". A •■keyhole" hes tvcregxs«rs .ssocieted with 
The TT^ ' "^'"''^ "^Ute' 

extended address space. A read or a writ, operation . 
keyhole data ret>i«>--, operation to the 

/ aata register accesses the location specified bv 

the keyhole address register. ^ 

keyh"7a?d"""' ' "'""^ associated 

keyhole address register increments. Randen, access within 
the extended address space is only possiMe by writing a 

A c'h^pV" access. 
Chip in accordance with the present invention 

— ^ -p. ^nere i; 



— memory map. 

interaction between the different keyholes. 
A. 6, 5 Special registers 
15 A. 6. 5.1 unused registers 



may 
is no 



in 
im 



Registers or hits described as "not used" are locations 
the .enory „ap that have not been used in the current 
.plen,entation of the device. m general, the value O c,n 

^uitvir :::::t^°="^=- ° - 

AS Will be appreciated by one of ordinary skill i„ ^k. 

la :s°:r:h" """"" co^patiblUty .ith f^ute 

variants of these products i <^ 

h'iwuucts, It IS recommended that rn^ 

user-s software should not depend upon values read frl th 

unused locations sim^^^^■, °^ 
these locations sho! : : :; L "f^^^-^"^ --ce, 
value 0. avoided or set to the 



value 0. 

A- 6.5. 2 Reserved registers 



Similarly, registers or bits described as "reserved" in 
-e present invention Have un-docu.ented effects on t.e 
behavior of the device and should not be accessed. 
A. 6. 5. 3 Test registers 

Furthermore, registers or bits described as "test 
-9.sters" control various aspects of t.e device's 
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no 



testabM.lity. Therefore, these registers have 
application in the normal use, of the devices and need 
be accessed by normal device configuration and control 
software . 
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SECTION A.7 Clocks 

In accordance with the present inventions, many different clocks 
can be identified in the video decoder system. Examples of clocks are 
5 illustrated in Figure 56. 

As data passes between different clock regimes within the video 
decoder chip-set, it is resynchronized (on-chip) to each new clock. In 
the present invention, the maximum frequency of any input clock is 30 
MHz- However, one of ordinary skill in the art will appreciate that other 

0 frequencies, including those greater than 30MHz, may also be used. 
On each chip, the microprocessor interface (MPI) operates 
asynchronously to the chip clocks. In addition, the Image Formatter 
can generate a low frequency audio clock which is synchronous to the 
decoded video's picture rate. Accordingly, this clock can be used to 

5 provide audio/video synchronization. 



A.7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially asynchronous) 
clock inputs; 



Signal Name 


Input/ 
Output 


Description 


Coded_clock 


Input 


This clock controls data transfer in to the coded 
data port of the Spatial Decoder. On-chip this 
clock controls the processing of the coded data 
until it reaches the coded data buffer. 


decoder^clock 


Input 


The decoder clock controls the majority of the 
processing functions on the Spatial Decoder. 

The decoder clock also controls the transfer of 
data out of the Spatial Decoder through its 
output port. 



Table A.7.1 Spatial Decoder clocks 
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A. 7 . 2 



Temporal Decoder clock signals 

The Temporal Decoder has only one clock input: 



■ 

M 

a 

fU 

E 

fU 
Q 



SignaJ Name 


inpuc/ 
Ourptn 


0«scr:ption 


a«coder_ctock 


Input 


decoder clock control* aif of ^*ie Ofoceis;r; j 






'unctions on the Temoofil Decoder. j 






■T^e eecoder ciock atso consols :rans;er o' oau .n :o ; 






tf>e Temporai Decoder rnrougn its input Dor anc cu 






via Its output port. i 



Table A. 7.2 Temporal Decoder clocks 
A. 7.3 Electrical specifications 




Table A. 7. 3 Input clock r 



aguirefflents 



Table A. 7. 4 clocJc input conditions 
A. 7. 3.1 CMOS levels 

The =lo« input signals ,re CMOS inputs v is 

approx. 70% of v anrf V puts. V,H„„ IS 

valM K -"^ approx. 30% of v Th» 
values shown in Table a 7 ^® 

-ei. ..sp«tiv. 1 St c,s " 

^ntr.;r/;nrtr,r;r:;"°=" " - 

input cxoc. si,„at xt t""""" 
rhese interfaces assume 'that thT"' f=r 
srable to within . :oo ps ""^"^ ^= 



V. 3 
••=1 



10 



O 15 

m 



20 



25 



30 
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SECTION A.8 JTAG 

As circuit boards become more densely populated it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
using a bed-of -nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture", now adopted by the IEEE as 
standard ii49.l. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device 
The test circuitry is transparent in normal operation, but 
m test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out and checked 
by relatively simple test equipment. By this means, the 
inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
Port (TAP), Which consists of five pins. The Trsl (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 
device doesn't power-up in test mode. The tck (Test Clock) 
pin IS used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
output) pin. Lastly, the operational node of the JTAG 
circuitry is set by clocking the appropriate sequence of 
bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
.•manufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For exampl 
all device outputs may be made to float by a simple JTAG 
sequence. 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. - 
A.s«i Connection of JTAO pins in non*JTAO systems 



Signal 


Oirtcoon 


Oftscnotion 


i 


Inout 


This pin nis an internal puu-up. but must oe laicen 
low at power-uo even if me JTAG (eaxrfes are not 
being used. This may be tcnievcd by csrnecang 
trst in common with the c?*io reset om resel 


tdi 
tm» 


Inout 


These pins nave internal puii-uos. ar.o ^ay be lefr j 
disconnected it the JTAG circuitry is not Semg used. ! 


tck 


Inout 


This pin does not have a puil-uo. ano sncuid be tied 
to ground if the JTAG circuitry is not use^. 


(do 


CuDut 


High impeoance except during jTAG scan j 
operatioru. it JTAG is not being used, r.is pm may 1 
be ten disconnected. | 



Table A.8.1 How to connect JTAO inputs 
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A.8.2 •^X.«v«i of Conformance to IEEE 1149. i 
A. 8. 2.1 Rules 

All rules are adhered to, although the following should 
be noted: 



C3 
'■■3 



m 
m 




0«scnption 

Tht trst Din is provided. 

Guarameeo tor ail puoJic instrucoons (Me 1U9.1 
5^. 1(c)). 

GuMntt«3 (or «jf puWic irjtrucoon*. fot sorr.t crivtte 
instrucooni. th« TOO p.n may b« acavt during any of 7xe 
statas Capfure^OR. Exitl-DR. Ejdi.2.0R & Pausa^OR. 




Power on.ffts^t i3 acftiavad b y u»« 0/ tf>a iFsT om. 
A eooa for tne BYPASS insrucoon is >oadad .n tnt Tasr-Lo^.:. 
^aser su:e. 

un-auocacto insgucoon codas art aaurvajent :o SypaSS. 




5 



Table A. 8,2 JTAG Rules 
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7.8.1(6) 


5irgle-$tfD coerjuon rtcuires trernai ccny-i or system 
CfOCK. 




There IS ro flUNfliST fac:itr/. 


1 7.11. !(...) 

I 


1 There is ro iCCOO£ :nsL-uc:icn. j 


7.12.1{„.) 


There is no UScRCOOe insu-uccisn. i 


3.1.t(b) 


1 There is r.o ctvce tcenoficaaon regrsitr j 


3.2.i(CJ 


Guafif^teeo for aii ouctic :rai-ucaor\$. The ae^arer; :enctn or 1 

1 

the oatn (rom tdi to tdo rr^ay change under cerratn 1 

1 

circumstances wnife ortvaie insirucDon codes are loaded. 


9.3.1(5.1) 


Guaranteed .'or at) ou&iic instorcaons. Oau rr.ay M loaded at 
times omer than on the rising edge of ick wmie rrrvaie 
instructions codes are foadad. 


I0.4.:ie) 


During i,VT£3T. the System clock om must oe ccnrcited j 
externaUy. j 


iO.S.:(c) 


During IN7=ST. outDul cms are eontrotled fcy cau s.irfteo m via 
tdi. j 



Table A. a. 2 jtag Rules 
•8.2.2 Reeofflaendations 



j Recorrvnandation 


Oasenotion | 


3X1(5) 


ten is a higrvimpedanca CMOS inout. j 


3.3.1(c) 


tma has a high impedance ou(i-uo. | 


3.6.1(d) 


(Applies to use of chrp). • 


3.7.1(a) 


(Applies to use of chip), | 


6.1.1(e) 


The SAWPLS/PRELOAO mscrucLon cod. is ;cacec during . 
Captur».(R. ! 


7.2.1(0 


The ii^rreST instruccon is supported. | 


7.7.1(g) I 


Zeros are loaded at system output pms during EXTHST. { 


j 7.7.2(h) 


All system outputs may &« stt hign-impedarce. f 


1 7.3.1(0 


Zeros are loaded at system input pins during inTcST. 


a.i.uo.e) 1 


Design-soeoftc :est caia registers are not puotiay accessidie I 



Table A.8.3 Recommendations met 
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R ecomm«nd*lioo 


Oosertpfton | 


10.4, 1(f) 


During EXTEST. f^m signal dhv^ into orxhrp logc from 
the system ciock pin is thai suptUrn^ •«€m«ify 



Table A. 8. 4 Recoma«nd«tions not implemented 

A, 8 • 2 . 3 Permissions 



Permissions 



3.2.1(c) 
6.:.:(0 

3.1(a) 
3-1(0) 
7.^.1(0 
10.1. 1(i) 
10.3.1(h) 
I0.3.i(ij) 



' used to caorure Co-gn-scec:.' 



Oescnption 

Guaranteed /or all popiic ins cnxoona": 
The rnstrucaon register ts not 
in/ormation. 

Several aeomonai PuDiic ir^stg^ p,,,^.. 
Several om^aternstrueaon codes ,ra allocated. 
(Rule?) Sucn ins^nxoon, cod« are documer^te d 
Addittonal codes perform jdenacally to BYPASS 
etch output prnnas its own3-, ute control. 
A parallel la ten is provided. 
During EXTcST. input pins 
tdl 

3-staie ceils are not forced 
state. 



are controlled Oy oau snme^ .n • 
inacove m tr^ Test-Logtc-neset 



Table A. 8. 5 Permissions 



met 
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" 5 



10 



m 15 

ru 



20 



SECTION A.9 Spatial Decoder 

■ 30 MH, operation 
•Decodes MPEG, JPEG & H.261 
■Coded data rates to 25 Mb/s 
•Video data rates to 21 MB/s 
■Flexible chroma sampling formats 
•Full JPEG baseline decoding 
■Glue-less DRAM interface 

• Single -5V supply 
208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Independent coded data and decoder clocks 

• Uses standard page mode DRAM 

The spatial Decoder is a configurable VLSI decoder chip 
for use in a variety of JPEG. MPEG and H.261 picture and 
Video decoding applications. 

SoZ.\ T'T -i^^ "° Off-Chip dram/ the 

spatial Decoder is a single chip, high speed JPEG decoder. 
Adding DRAM allows the Spatial Decoder to decode JPEG 
encoded Video pictures. 720x480, 30Hz, 4:2:2 "JPEG video" 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 

JP^EG^' Z '° '^"'^ - 

JPEG,. 704X480, 30Hz, 4:2:0 MPEG video can be decoded 



Again the above values are merely illustrative, by way 
Of example and not necessarily by way of limitation of 
t:ypxcal values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
he art will appreciate that other values and/or ranges nay 



30 



• 
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A.9. 1 *"spatial Decoder Signals 
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I/O 


Pin Numo«f 


o«cod#f,cJock 


1 


177 


The main oecooec ciock. See s«cDon 
A.7 




1 


160 





Table A.9.1 Spatial Decoder signals (contd) 



'"""4 



ru 



Signal N«m« 




j Pin Num. 


1 O«scriotion 


tpfiOtsh 


1 


122 


If override • i men tphOish and tpfti ish are 


tphltsh 


1 


123 


inputs (Of me on<ftip two phase cfock 






110 


Pof normal ooeraoon set override ■ 0 
iphOish and tpMi«h are ignored (so conneci 
to GNO or Vqo). 




1 1 111 


Set ctiipte«i • 0 (or norma) operation. 


tloop 


1 


114 


Connect to GNO or Vqq duing ncrmal 
opera t»on. 


ramtcst 


1 


109 


If ramtest > \ test of the on-c.nip Rams a 
anapied. 

Set ramtest « C for normal eoeration. 


piis«4eet 


1 


178 


If pllseiect « 0 vte orvcrtip pr.ase locked 
loops are dtsaoted. 

Set piieeiect « 1 for nonrtai ooeraucn. 


ti 


1 


180 


Two ctocKs required Oy ne OP>M imertace 


tq 




179 


during test opera Don. 

Connect lo GNO or V^q ou,ng normal 
ooeradon. 


Pdout 


O 


207 


Theae t%ro ptfu are connections for an 


pdin 


1 


206 


tztemai fhter for tne phase lock loop. 



Tabte Spatial Decoder Test signals 



m 



ru 

n 
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Spatial Decoder Pin Assignments 



-■■■4 




173 
172 



tdo 



|i2t 
|l20 



GNO 
0RAW.d«ta(9I 



i6« 



}CP.AM.;au(3Ci \^7 



nc 



t 



h7i 



119 



67 CRAM.caunil 



15 



|VC0 



170 



VOO 



118 



ORAM.daU{10) 



6< 



VOO 



169 OTIS 



117 



VOO 



:t3 



166 



tdi 



116 



h2 



167 



115 



ORAM.d«ta(iil 



'63 I'SJS 



166 



t«St pin 



11f 



52 



ho 



GNO 



coeM.ea:a(i] 



165 



GNO 



113 



OnAM.datajl2) 



164 ORAM.tn«M 



112 



GNO 



61 
60 



GNO 



|Ca5(01 



;:=etd.rara(Ol 



163 ttstotn 



Ml 



DRAW .dau( 131 



59 



: ;3Ced valid 



h«2 



test 9in 



no 



!S3 



:c«d,accect 



1 6 1 itst Din 



109 



0RAW.d*u(i4| 



57 



VOO 



>s 



ivoo 



16C 



106 



voo 



:35 



nc 



159 



107 



55 



rc 



156 



106 



|Ca5(3I 



|3 



1S7 ne 



105 



53 



Table A. 9,3 



Spatial Decoder Pin Assignments (contd) 



A. 9 ,1.1 "nc" no connect pins 

The pins labeled nc in Table A. 9. 3 are not currently 
used these pins should be left unconnected. 
A. 9. 1,2 v„„ and GND pins 

AS Will be appreciated by one of ordinary skill in the 
^rt. an the V,„ and GND pins provided should be connected 



to the appropriate power supply. 



Correct device operation 
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cannot^^b^ ensured unless all the v,, and GND pins ar 
correctly used. 

A. 9. 1,3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
5 internal test use. 



j Pin numdcr 


Connecuon 


1 j Conntci to GNO 'or normal ooerauon j 


t j Conr^i to V^Q for normat ooeraoon 


i 


Oo«n Cwruit '-or rr.crm^t oceraticn ! 



Table A.9,4 Default test pi 



pin connections 



A. 9. 1.4 JTAG pins for normal operation 

See section A. 3 . i . 
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Decoder memory map 



si j 



3 



Addf. (hex) 



OxOO ... 0x03 


Intcmtot t«rvic« 


1 A.9.6 


0*04 ... o«07 


input drcurt f«gi»t«f$ 


A.9.7 


0x08 ... OxOF 


Sun code d«(«aof rt^tn 




0x10... 0x15 
0x16... 0x17 


8ufl«/ sttft-up control rtgistcrs j 
Not used ' r 


A.9.8 


0x18... 01^3 

O]04 


tWAM«»ff»con4gur»donf«gisttrs I 


A.9.9 




0x40 ...0x7P T*$x f«gisi« 

Table A.9.5 Overview oi Spatial Decoder 



memory map 




'**«g«L»«ngtfi,count.«vtnt 

SCO,fLL£GAL^ i.£A/G TK. COUSTT 




unfecogni»«d_«iart,«v«nt 

SCO. Ur^f^eCOG/^tSBD^STAm' 





i 



COunt.f.flu,f„d.U)o.Mrty.,*,„, 



Table A.9.6 Interrupt service area registers 
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"3 

m 



iU 


AOCf. 


Sri 






b 




num. 




Pigt references 


u 

m 


0x03 7 


j ldct.!ooJtw_fn«»i j 


===— 


P 






idct.too.many.matk ( 










•cctpt.«n«b*«,mwk j 
















count«r.nw»h«d.too.««iiy^m««k j 
















p«r«#f.mamk " j 






0 





A. 9. 6 interrupt service area registers (contd) 
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surt 



.eed«.d«fittcter,«cc«M 
also input.eJrcuft.acecss 



7:5 



HOI uM CFO.SCO.Sr^TXrs 



discs rd_«n_duj 



2:0 



Tabte A.9.7 Start code detector and input ci 



rcuit registers 
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(h€X) 


Bit 
num. 


R«9St«r Name 


Pagt references 


OfOB 1 7:0 






OxOC 


7:0 


0x00 


72 


not irscd 




1:0 


sttri.cod«.d#t«ctor,coding_sunaafd | 


OxO£ 


7:0 




OxOF 


7:* 


not UMd 




3:0 


pfcturt. number 





Table A.9.7 Start code detector and input circuit registers (contd) 





Bit 








num. 


Rcgtsttf Name 


Page references 


CxlO 


7:1 


not used 






0 


turtup.aceasa CED^BS^aCCSSS 




0x11 


7:3 


notuMd 






2:0 


0a.count_presea«e CeD^BS^PResCAL£ 




0x12 


7:0 


bit.count.target C£©.aS,r4flGFr 




j 0x13 


7:0 


bit_eount Ceo^BS.COum j 




7:1 


not used 




1 0 


offcftip.quewe CED^BS^OUSUS 




OziS 


7:1 


not used 






0 


cnaMe.ttream CED^BS^BNAeLS^NXT^STM 





Table A,9,8 Buffer stain-up registers 
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(hex) 


Sit 
num. 


Regiilcr Name 


Page rtferences 




0x18 


7:5 j notus^ 








4:0 








Oitg 1 7:4 


not ua«d j 






1 




y 
<J 


OxlA 1 7:4 


notuMd j 




1 





Tabte A.9.9 OftAM intertaee configuration registers 



lU 

b 

ru 
1:3 



p 

'''•'J 

-3 

f;3 



1:3 




2:0 
7 



OEWE.«r«ngtH(2:0J 



ACCESS bit for p.d sir^t^b e .c ?not 




"'4 



q 

Vn 

iU 



ru 



0x00 



7.-0 



OzO£ 



7:0 



OxOF 



7:0 



ed6_num5«r 



0»10 I 7:0 I not 
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Sit 






0x00 
0x01 


/.V 
72 












0x02 






0xC3 


7.-0 




OxOA 


7:0 






0x05 


72 


1:0 


cdD.*«ngtn 




0x06 


7:0 


0x07 


7:0 


0x08 


7:0 


not uMd 


1 


0x09 


7.-0 






OxOA 


7:0 


oxoe 


7:0 


OxOC 


7:0 notus«d 1 



0x11 


7:0 






0X12 


7.-0 






0x13 


7.-0 






0x14 


7.-0 


notua«d | 


0x15 


7.-0 






0x16 


7:0 






0x17 


7:0 






[0xl8 


7.-0 


notuMd 1 


1 • 0x19 


7:0 


tt.rMd 




0x1 A 


7:0 






oxie 


7:0 






OxiC j 


7:0 


not us«d j 


1 


j OxiO j 


7:0 


to .number 




{ 0x1 E 


7:0 






OxiF 


7.-0 







Tab<e A.9.11 Buffer manager extended address space 
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3:0 



0x26 



7.-0 



7.-0 



0x20 



5:t 



pnvirt fiurrman control bhs (3J Mi«eu special 
CBP. (2) «#*>et3 4/8 fe it fixed length C8P 



not 



«*mux.l»ytio4e_«ddfe«x 

CeO,H,K£r>iOLe,ADDR 



dummy.tei^ciure CED^H^ALU^Reco, 



not 



eontiniio CEO^H^AW.RBGO, r^cononut,sn 




TabteA.9.12 Video demux registers 
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ru 

13 



ru 
□ 



Acer 


Bit 








rtum. 


Register Nari« 


Pa?t references 


CiCQ 


7:0 


not used . 




OxOf 








0x10 


7:0 






0x11 


7:0 


1 




0x12 1 7:0 






Table A.9.13 Video demux ertended address space (Sheet i of 8 
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1 (hei) 

\ ^^^^^^^ 


64 




P«9« references 


j OitE 

! 




not uMd 


1 




i 


1.-0 


bro4i«n.etos«d i : 

-I 1 i 






7:5 


not us«d , 






4.-0 


pft^ictJon.modt j j 






7.-0 


v6v_d«iay 








0x21 

! 


7.-0 










0x22 


7:0 


pnvmt* r«9is(v MPEG full ^L'^* JP£G 








0x23 


7:0 


pnv*t« register MPEG ^xfl j>«l.&wd. jPgQ 
resar^indcx 






0X24 


7:0 








-.™ 


0x25 


7:0 


plc.num&«r 


m 


0x26 


7:1 


not used 


ru 




t:0 








0x27 


7:1 


not used 1 


5. ~j 

5 a 




1:0 


max.v 1 j 


0x28 

ru ■ 


7.-0 


pfTvsie register scratch 1 | 




0rS9 


7:0 


privKe register scrttcA2 | | 


u 


Ot2A 


7:0 


pnvate register scratch3 j 1 




0x2B 


7:0 


Mf MPEG unused 1.M261 «gob | | 




Ox2C 


7:0 


pnvmta register MPEG ftra^jroup. JPEG ftrsi.scan | 






0x20 


7:0 


pr^te register MP^Q fn.pc&/re 






0z2£ 


7 


duntmy.tast^^cture r^nm^contrvt 








6 


fteld.lnfo 1 








5.1 


not used j 




1 






0 


continue 1 


1 






0a2P 


7:0 


rom_fev*«ion | 






0x30 


72 


not used 1 








1:0 


dc.ftuft.O 1 






0x31 


7:2 


not used 


1 








1:0 


flc.huff.l j 








0x32 


7:2 1 


tot used 










1:0 ( 


*c.hutT.2 







TatHe A.9.13 Video dcmux extended address space (Sheet 2 of 8) 




0x30 



7:0 



0x3E 


7.-0 


O^F 


7.-0 


0x40 


7.-0 


Ox«3 




0x40 




0X4 1 


7.-0 1 


0X42 


7.-0 1 


0x43 


7:0 j 


0X44 


7:0 j 


0«45 j 


7.-0 



component 

cofnpon«nT.n«m«_3 r.c. J 
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Bit 
num. 




Pa;« rt'erervfts 


■ OxSO 1 7.-0 


r_pftv_mftf 






7:0 






: 0xS2 1 7.-0 






. CxS3 


7.-0 


1 


! cxS4 


7:0 






j 0x53 


70 






0x56 


7:0 






0x57 


7:0 






0x58 
0x5? 


7:0 


not uMd 




0x60 


7.-0 






0x61 


7:0 






0x62 


7:0 


r.vffX^mdcni 




0x63 


7.'0 




0x64 


7;0 


horiz.macrobtocks r.hohz.mds 




1 0x65 


7:0 


1 


I 0x66 


7.-0 


v«rt.m«cro6iocks /.ven.mfts 




1 0x57 


7:0 




1 

i 


0x56 


7:0 


pnvmtt regtsxcf f.f«tt<\.cnt 




0x69 


7:0 






0x6A 


7.-0 


rMUrtJnt«rvil r_f«starc»nt 




0x66 


7:0 






0x6C 


7:0 


privmlt register f.WX.h.cni 




0x60 


7:0 


pnv«i# f^Htm r.5*.v_cnt | 


0x6€ 


7:0 


pnv«(« register r.comoid 


1 

1 


0x6F 


7:0 


maz.cemporwit.td r.max.eomo«d 


1 

1 


0x70 


7:0 


co4ing_ttender« /.codrng^std | t 


j 0x71 


7:0 


pnv«te regtsier r.^nem 


i 


0x72 


7.-0 


prfv»ie regtsi«r r.Nwd.r.size 




0x73 


7:0 


privete regtster r.bwd^r^sizt 1 


0x74 

0x77 


7:0 


not used 




0x78 


72 not U3«d 






1:0 





Tab^e A.9.13 Video demux extended address space (Sheet 4 of 8) 
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address space (Sheet 6 of 8 



CcO.K£y.Owx_WORD.8 



^a^e references 



OxAC 
9 



7:0 



CcD.K£Y_CMX_VVOR0 9 



OxAC 
A 

OxAC 
S 



7X) 



not UM0 



OxAC 
C 



OxAC 
0 



7:0 



7:0 



CeO_K£Y_OMX.A(NCfl 



OxAC 



OxAC 



7:0 



CED.KEY.OMX.ee 



7:0 



Table A.9,13 Video demux extended address space (Sheet 3 of 8} 



Aodr. 
(hex) 


Bit 
num. 
7M 


negistar N«mt 

j notuMd 


Page re/erence* 


OxX 


7:1 


not us«d 


1 


0 1 »q_»cc«f j j 


0x31 


7;2 


1 notuMd 


1:0 


lq.codin9.tano«rd | | 


0x32 


7:5 


no(us«d 


4:0 


lest register iq^scale | 


0x03 


7:2 


not used 1 




1.-0 


test register iq^comoor^nt | 


0x34 


7:2 1 notus«d 




1:0 


test regsier <nver»e.qoenti»er^r«oiciion.moae | j 


0x35 


7:0 


test register |peg.mdlrect»on j I 



Table A.9.14 Inverse quantiser registers 



247 



AQCf. 


Bit 






(hex) 


num. 


Register Nan^e 


1 


0x36 


72 


not usco 1 


i 




1:0 


lest fty$:tr mp«gJnoiftction j j 


0x37 


7:0 


not ustd 1 1 


0x38 


7:0 1 


iq_Ubt«.ktynei«.aodrtss | 


1 


0x39 ; 


7:0 




! 



Table A. 9 ,14 Inverse qtientiaer registers (contd] 



ru 

Q 



0x00:0x3F 


JP£G Inversa cuantisaaon uoie 0 
MPEG £tf«uit intra ta&ia 




0a4O:0x7F 


JPEG Invtrsa quanusason ta&ia i 
MPEG dafauit non-mca uDia 




0x90:0x9F 


JPEG Invtrsa quanoaauon taota 2 
MPEG £own>ioadad inra ta&ie 




0xC0:0xFr 


JPEG inverst cuantisaoon taDia 3 
MPEG oown-ioadad non-mcra tabia 

1 


j 
J 



Table A. 9. 15 Iq table extended address space 
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"■■4 

i J 

iTi 

m 



10 



SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
• The coded data input port 
•The microprocessor interface (MPI) 
The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
15 do the system bitstream de-multiplexing. m this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
mixture of MPI and coded data port input. 



20 
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A. 10. 



^he coded data port 



ru 




cod«o.txtn 


1 »npui 


coatd.vaiid 


'nput 



cootd.tcctpt 



OutOUT 



A clocK OMraung at uo to 30 MHz ronirou.ng re 
OOf«bon of irsut circuit. 

•^^^'^ '•Qu.red .0 .mD,emer, a 

Token Pon trmn^emng fl cata va.ues. See secron 
'or an •(eccricai Oescnooon o/ :r.,s 



A.4 

intarfaca, 



Tokana. 

Whan ftigft (ni. aigrtai .ndicaias mat mformat.on ,s :o 
^ ^^•'^'•rTtd acroaa ma codad dau oon ,n ^^-^ 
moda ratf>ar tfian fo^an motfa. 



le A.io.i Coded data port signals 



10 



15 



20 



25 



30 
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ThofcCQded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode . 

A. 10. 1.1 Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valxd and 
c6ded_accept . See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
:7:o;, , coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 

If, however, byte_node is high, then a byte of data is 
transferred on datai7:0] under the control of the two wire 
interface control signals coded_valid and coded_accept . in 
this case. coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

1) First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10. 2 Supplying data via the MPI 

Tokens can be supplied to the Spatial decoder via the 
MPI by accessing the coded data input registers. 
A. 10. 2.1 Writing Tokens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
efficient data transfer. The 8 data bits, coded_data : 7 : o • , 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 
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(See Table A.9.7). 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each time a 
5 value is written into coded_data[7:0]. Software is responsible for 
setting coded_extn to 0 before the last word of any Token is written to 
coded_data[7:0]. 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data[7:0]. The start of this new 
10 DATA Token then passes into the Spatial Decoder for processing. 

Each time a new 8 bit value is written to coded_data[7:0], the 
current Token is extended. Coded_extn need only be accessed again 
when terminating the current Token, e.g. to introduce another Token. 
The last word of the current Token is indicated by writing 0 to 
15 coded_extn followed by writing the last word of the current Token into 
coded__data[7:0]. 



Register name 


SizeVDi 
r. 


Reset 
State 


Description 


coded_extn 


1 

rw 


X 


Tokens can be supplied to the Spatial Decoder 
via the MPI by writing to these registers. 


coded_data[7:01 


8 
w 


X 




coded_busy 


1 
r 


1 


The state of this registers indicates if the Spatial 
Decoder is able to accept Tokens written into 
coded_data [7:0]. 

The value 1 indicates that the interface is busy and 
unable to accept data. Behaviour is undefined if the 
user tries to write to coded_data [7:0] when 
coded_busy =1. ~ 


enable_mpHnput 


1 

rw 


0 


The value in this function enable registers 

controls whether coded data Input to the Spatial 

Decoder is via the coded data port (0) or via the MPI 
(1). 



Table A.10.2 Coded data input registers 



252 



Each time before writing to coded_data[7:0]. coded_busy should be 
inspected to see if the interface is ready to accept more data. 

A.10.3 Switching between input modes 

Provided suitable precautions are observed, it is possible to 
dynamically change the data input mode. In general, the transfer of a Token 
via any one route should be completed before switching modes. 



Previous Mode 


Next Mode 


Behaviour 


Byte 


Token 


Ttie on-chip circuitry will use the last byte supplied in 
byte mode as the last byte of the DATA Token that it 
was constructing (i.e. the extn bit will be set to 0). 
Before accepting the next token. 


MPI input 



Table A.10.3 Switching data input modes 
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Previous Mode 


Next Mode 


Behaviour 


Token 


Byte 


The off-chip circuitry supplying the Token in Token 
mode is responsible for completing the Token {i.e. with 
the extn bit of the last byte of information set to 0) 
before selecting byte mode. 


MPI input 


Access to input via the MPI will not be granted (i.e. 
coded_busy will remain set to 1) until the off-chip 
circuitry supplying the Token in Token mode has 
completed the Token (i.e. with the extn bit of the last 
byte of information set to 0). 


MPI input 


Byte 


The control software must have completed the Token 
(i.e. with the extn bit of the last byte of information set to 
0) before enable_mpijnput is set to 0. 


MPI input 



Table A.I 0.3 Switching data input modes (contd) 



The first byte supplied in byte mode causes a DATA Token 
header to be generated on-chip. Any further bytes transferred in 
byte mode are thereafter appended to this DATA Token until the 
5 input mode changes. Recall, DATA Tokens can contain as many 
bits as are necessary. 

The MPI register bit, coded busy, and the signal, coded_accept, 
indicate on which interface the Spatial decoder is willing to accept 
data. Correct observation of these signals ensures that no data is 
10 lost. 

A.10.4 Rate of accepting coded data 

In the present invention, the input circuit passes Tokens to the 
Start Code Detector (see section A.1 1). The Start code Detector 
analyses data in the DATA Tokens bit serially. The Detector's 
15 normal rate of 
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10 



15 



20 



25 



proce«i«g is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
logical coded data buffer. If this buffer fills, then the 
Start code Detector will be unable to accept more 

information. " 

consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI 
while the Start Code Detector is unable to accept more 
information. This will be indicated by the state of the 
signal coded_accept and the register coded_busy. 

By using coded_accept and/or coded_busy , the user is 
guaranteed that no Coded information will be lost. 
However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded data (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A. 10.5 Cedttd data clock 

In accordance with the present invention, the coded data 
port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock . Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A.11 Start code detector 

A. 11.1 Start codes 

As is well known in the art, MPEG and H.261 coded video 
streams contain identifiable bit patterns called start codes. A 
similar function is served in JPEG by marker codes. 
Start/marker codes identify significant parts of the syntax of the 
coded data stream. The analysis of start/marker codes 
performed by the Start Code Detector is the first stage in parsing 
the coded data. The Start Code Detector is the first block on the 
Spatial Decoder following the input circuit. 

The start/marker code patterns are designed so that they 
can be identified without decoding the entire bitstream. Thus, 
they can be used in accordance with the present invention, to 
help with error recovery and decoder start-up. The Start Code 
Detector provides facilities to detect errors in the coded data 
construction and to assist the start-up of the decoder. 

A.11.2 Start code detector registers 

As previously discussed, many of the Start Code Detector 
registers are in constant use by the Start Code Detector. So, 
accessing these registers will be unreliable if the Start Code 
Detector is processing data. The user is responsible for ensuring 
that the Start Code Detector is halted before accessing its 
registers. 

The register start_code_detector_access is used to halt 
the Start Code Detector and so allow access to its registers. 
The Start Code Detector will halt after it generates an interrupt. 

There are further constraints on when the start code 
search and discard all data modes can be initiated. These are 
described in A. 11.8 and A.1 1.5.1. 
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Register name 



start_code detector access 



CO 



rvt/ 



0) 

CO 

a: 



Description 



Writing 1 to this regis;ter requests that (he start 
code detector stop to cillow access to its registers. 
The user should wai: until the value 1 can be read 
from this register indicating that operation has 
stopped and access is possible. 



Table A. 11.1 Start code detector 
Registers (Sheet 1 of 5) 



• 








Register Name 


g 

a5 

M 

C/) 


Reset State 


Description 


illegalJength_count_event 


1 

rw 


0 


An illegal length count event will occur if 
while decoding JPEG data, a length count 
field is found carrying a value less than 2. 
This should only occur as the result of an 


illegalJength_count_nnask 


1 

rw 


0 


error in the JPEG data. 

If the mask regis>ter is set to 1 then an 
interrupt can be generated and the stan 
code detector will stop. Behaviour 
following an error is not predictable if this 
error is suppressed (mask register set to 
0). See A.11.4.1. 


jpeg_overlapping_start_event 


1 

nv 


0 


If the coding standard is JPEG ana the 
sequence OxFF OxFF is found while 
looking for a marKe* code this event v/ill 
occur. This sequence is a legal stuffing 
sequence. If the mask register is set to 1 
then an interrupt can be generated and the 
start code detector will stop. See 
A.11.4.2. 


jpeg_overlapping_start_mask 


1 

rw 


0 


overlapping_start_event 


1 

rw 


0 


If the coding standard is MPEG or H.261 
and an overlapping start code is found 
while looking for a start code this event will 
occur. If the mask register is set to 1 then 
an interrupt can be generated and the start 
code detector will stop. 


Overlapping_start_nnask 


1 

rw 


0 



Table A.1 1 .1 Start code detector Registers (Sheet 2 of 5) 



• 






• 


Register Name 


Size/Dir. I 


Reset 
State 


Description 


unrecognised_start_event 


1 

rw 


0 


If an unrecognised start code is 
encountered this event will occur. If the 
mask register is set to 1 then an interrupt 


unrecognised_start_mask 


1 

rw 


0 


can be generated and the start code 
detector will stop. 

The start code value read from the 


start_value 


8 
ro 


X 


Dilstream is available in the register 
start_value while the start code detector 
is halted. See A. 11. 4. 3 

During normal operation start_value 
contains the value of the most recently 
decoded start/marker code. 

Only the 4 LSBs of start_value are used 
during H.261 ope'ation. The; 4 MSBs will 
be zero. 


stop_after_picture_event 


1 

rw 


0 


If the register stop._after_piclure is set to 
1 then a stop after picture event will be 








generated after the end of a picture has 

passed through the start code detector. | 

i 
! 


stop_after_picture_mask 


1 

rw 


0 


stop_after_picture 


1 

rw 


0 


\rihe mask register is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. See A.1 1.5.1 
stop_after_picture does not reset to 0 
after the end of a picture has been 
detected so should be cleared directly. 



Table A.1 1 .1 Start code detector Registers (Sheet 3 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


non_aligned_star1__event 


^ 

rw 


0 


When ignore_non_aligned is set to 1, start 
codes that are not byte aligned are ignored 
(treated as normal data) 

When ignore_non_aligned is set to 0, H.261 








and MPEG start cocoes will be detected 
regardless of byte alignment and the non- 
aligned start event v/ill be generated, if tne 
mask register is set to 1 then the event will 
cause an intprriini .^nri thp *^tart rnHp 
detector will stop. S>ee A. 1 1 .6. 


non_aligned_start_mask 


1 

rw 


0 


Ifinnrp nnn al in npH 


1 

rw 


0 


If the coding standard is configured as 
JPEG lgnore_non_c'iligned is ignored and 
the non-aligned start event v/ill never be 
generated. 


discard_extension_data 


1 


0 


When these registers are set to 1 extension 




r\v 




or user data that cannot be decoded by the 






Spatial Decoder is discarded 'by the start 


discard_user_data 


1 

rw 


0 


code detector. See A. 11. 3. 3. 


discard_all_data 


1 

rw 


0 


When set to 1 all data and Tokens are 
discarded by the start code detector. This 
continues until a FLUSH Token is supplied 
or the register is set to 0 directly. 

The FLUSH Token that resets this register 
is discarded and not output by the start 
code detector. SeeA.11. 5.1. 


lnsert_sequence_start i 


1 

rw 




See A.1 1.7 i 



Table A. 11.1 Start code detector Registers (Sheet 4 of 5) 
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Register Name 



Q) 
M 



CO 

O) 
CO 
CD 



Description 



start code search 



start_code__detector_coding_standard 



3 

rw 



rw 



piclure_number 



rw 



When this register is set to 0 the slart 
code detector operates normally. When 
set to a higher value the start cede 
detector discards data until the specified 
type of start code is detected. When the 
specified start oode is detected the 
register is set to 0 and normal operation 
follows. See A.lr8 . 



This register configures the coding 
standard used by the start code detector. 
The register can be loaded directly or by 
using a CODING_STANDARD Token 

Whenever the start code detector 
generates a CODING_STANDARD 
Token (see A.11.7.4 on page 109) it 
carries its current coding standard 
configuration. This Token will then 
configure the coding standard used by all 
other parts of the decoder chip-set. See 
A. 21.1 on page 180 and A.I 1.7. 



Each time the start coded detector 
detects a picture start code in the data 
stream (or the H.261 or JPEG 
equivalent) a 

PICTURE_START Token is generated 
which carries the current value of 
ptcture_number. This re^gister then 
increments. 



Table A. 11.1 Start coda detector Registers (Sheet 5 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


length_count 


16 


0 


This register contains the current value of the 




rO 




JPEG length count. This register is modified 








under the control of the coded data deck and 








should only be read via the MPI vt'hen the 








start code detector is stopped. 



Table A.1 1 .2 Start code detector test registers 



A. 11. 3 Conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and to then 
convert them to the appropriate start code Token. In the 
5 simplest case, data is supplied to the Start code Detector in a 

single long DATA Token. The output of the Start Code Detector 
is a number of shorter DATA Tokens interleaved witli start code 
Tokens. 

Alternatively, in accordance with the presemt invention, 
10 the input data to the Start Code Detector could be divided up 
into a number of shorter DATA Tokens. There is no restriction 
on how the coded data is divided into DATA Tokens other than 
that each DATA Token must contain 8 x n bits v\,here n is an 
integer, 

1 5 Other Tokens can be supplied directly to the input of the Start 
Code Detector. In this case, the Tokens are passed through 
the Start Code Detector with no processing 
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CO och-er stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start 
in the coded data. 

A. 11. 3.1 start code formats 

Three different start code formats are recognized by the 

Start Code Detector -of the present invention. This is 

configured via the register, 

^'^^"-=°^e_detector_coding standard . 



Ceding Sta ndard 
MPEG 




10 



15 



Tail* A.XX.3 Start coda fornata 
A. 11.3.2 start coda Tokan aquivalants 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. In general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 
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Start Code Value 


Start code 




MPEG 


H.261 


JPEG 


JPEG 




Token generated 


(hex) 


(hex) 


(hex) 


(name) 


Dl/^TI IDC CTADX 

KlUIUKt o 1 AK 1 


0x00 


0x00 


OxDA 


SOS 

\j v_y \j 


SLICE_START^ 


0x01 to 


0x01 to 


OxDA to 


RSToto 




OxAF 


OxOC 


OxD? 




SEQUENCE START 


0xB3 




0x88 


SOI 


SEQUENCE_END 


0xB7 




0xD9 


EOl 


GROUP_START 


UXDO 




uxou 


owro 


USER_DATA 


0XB2 




OXEO to 


APPoto 










APPr- 










POM 


EXTENSION_DATA 


0x85 




0xC8 


JPEG 








OxFO to 


JPGo to 








OxFD 


JPGo 








0x02 to 


RES 








0x8F 










OxCI to 


SOFi to 








OxCB 


SOF11 








OxCC 


DAC 


DHT_MARKER 








OxC4 


DHT 


DNL_MARKER 








OxDC 


DNL 


DQT_MARKER 








OxDB 


DQT 


DRI_MARKER 








OxDD 


DRI 



Table A. 11. 4 Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
va lue . 

Indicates start of baseline OCT encoded data. 
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A.ii.i^3^ Extended features of the- coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
^ 5 be application specific "user data" that provides extra 

facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 
10 Two distinct mechanisms are employed. JPEG precedes 

blocks of user and extension data with marker codes. 
However. H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 
15 In accordance with the present invention, MPEG/JPEG 

blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261/MPEG "extra information" is detected by the Huff.nan 
decoder of the present invention. See A. 14. 7, "Receiving 
20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. if 
this data is not discarded at the start Code Detector it 
can be accessed when it reaches the Video Demux see A. 14. 6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present ■ invent ion supports 
the baseline features of jpeg. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data 
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JVBO Tabl« d«fiaitlons 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DHL and DQT. The Start Code Detector 
-5 generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected* These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or cpiantizer table (using the 
formats described in JPEG) . 
10 A.11.4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A.ll.g, 
"Start code searching") . 
J:^ 15 A. 11. 4.1 Illegal JPBO length count 

s=y Most JPEG marker codes have a 16 bit length count field 

associated with them. This field indicates how much data 

s _ 

^ is associated with this marker code. Length counts of 0 

1==^ and 1 are illegal. An illegal length should only occur 

. 20 following a data error. In the present invention, this 
i;i will generate an interrupt if illegal_length_count_mask is 

set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
25 of searching for start codes in JPEG data (see A. 11. 8.1). 
A. IX. 4.2 Overlapping start/marker codes 

In the present invention, overlapping start codes should 
only occ\ir following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 
3 0 the Start Code Detector first sees a pattern that looks 
like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_iDask is set to 1. 

It is impossible to tell which of the two start codes is 
5 the correct one and which was caused by a data error. 
However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start- code event has been 
10 serviced- If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 
H Similar errors are possible in non byte-aligned systems 

1^ (H.261 or possibly MPEG). In this case, the state of 

□ 15 ignore_non_aligned must also be considered. Figure 6 5 

illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 
rU 2 0 Detector and, therefore no overlapping start code event 
H will occur. This conceals a possible data communications 

error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code, 
25 A. 11.4.3 Onrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecognized^start^mask = l) . The value of the start code 
that caused this interrupt can be read from the register 
30 start_value. 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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15 



20 



25 
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to coacect. 

A. 11. 4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 

2 ) Over lapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be ' 
associated with the non-aligned start code. After this 
event has been serviced, the Start Code Detector's 
operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
start codes are complete. 
A. 11.5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 

There are limitations on using these techniques with 
JPEG coded video as data segments can contain values that 
emulate marker codes (see A.ii.s.i). 
A.ll.s.l Clean end to decoding 

The Start Code Detector can be configured to generate an 
30 interrupt and stop once the data for the current picture 
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co-piete. This is done by setting stop_af ter_picture = l 
and stop_af ter_picture_mask = l. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2). 
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an in»er«upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the' 
output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_al l_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_all_data is reset via the 
microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5.2 When to start discard all mode 

The discard all mode will start immediately after a l is 
written into the discard_all_data register. The result 
Will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
25 etc.) has generated an interrupt. 
A. 11. 5. 3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
30 data that precedes the start of the sequence. See A. 11.3. 
A. 11.5,4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 
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from otT^BTDart of one coded video sequence to another m 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
5, system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_after_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
10 discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_al l_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
15 A. 11. 6 Byte alignment 

AS is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
20 serial. Thus, there is no concept of byte alignment of 

start codes. By setting ignore_non_aligned = o the start 
code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = o, the 
start code non-alignment interrupt is suppressed. 

in contrast, however, JPeg was designed for a computer 
environment where byte alignment is guaranteed. Therefore 
marker codes should only be detected when byte aligned 
When the coding standard is configured as JPEG the 
register ignore_non_al igned is ignored and the non-aligned 
start event will never be . generated . However, setting 
ignore_non_aligned = 1 and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products 

MPEG, on the other hand, was designed to meet the needs 
Of both communications (bit serial) and computer (byte 
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oriented) systems. start codes xn MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bxt serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
o ixke a start code, unless it is a start code,. So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indxcate that a communication error has previously 
10 occurred. if the error is a "bit-slip" in a bit-serial 

communxc:ations system, then data containing this error will 
have already been passed to the decoder. This error is 
likely to cause other errors within the decoder. However 
new data arriving at the Start Code Detector can continue' 
to be decoded after this loss of byte alignment. 

By seuting ignore_non_a 1 igned = 0 and 
non_alxgned_start_mask = i, an interrupt can be generated 
If a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
vill be non-aligned (until byte alignment is restored). 
Accordingly, setting non_a 1 igned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 





MPEG 


JPEG 


H.251 


ignore_non aligned 


0 


1 


0 


non aligned. start mask 


1 


0 


0 



e A. 11.5 Configuring .for byte alignment 
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A«X1.7 AutoMtie Tek«n g^n^ratloa 

In the present invention, oost of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards • In 
5 addition to these "natural" Tokens, some useful "invented" 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODINC_STANDARD . Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
10 conditions. 

£3 This automatic Token generation is done after the serial 

analysis of the coded data (see Figure 61, "The Start Code 
Detector") . Therefore the system responds equally to 
M Tokens that have been supplied directly to the input of the 

J:^ 15 Spatial Decoder via the Start Code Detector and to Tokens 

ry that have been generated by the Start Code Detector 

following the detection of start codes in the coded data. 
Q A«ll.7.l Indicating the end of a picture 

H In general, the coding standards don't explicitly signal 

2 0 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information. that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 
2 5 SEQUENCE_START, GROUP^START , PICTURE_START , SEQUENCE_END 
and FLUSH. 

A. 11.7,2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 
30 passed through. However, a FLUSH Token is inserted after 
the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11.5.1. 
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A.ii.-^3* Introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). if the register 
insert_sequence_start is set, then the Start Code Detector 
will ensure that there is one SEQUENCE_START Tokon befor- 
the next PICTURE_START. i.e.. if the Start Code Detector" 
does not see a SEQUENCE_START before a PICTURE_START , one 
will be introduced. No SEQL'ENCE_START will be introduced 
if one is already present. 

This function should not be used uith MPEG or JPEC . 
A. 11. 7. 4 Setting coding standard for each sequence 
All SEQUENCE_START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token 
This Token is loaded with the Start Code Detector's current 
coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence. 
A.H.8 Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
stream for a specified type of start code. This allows the 
decoder to re-commence decoding from a specified level 
within the syntax of some coded data (after discarding any 
dara that precedes it). Applications for this include.- 
•start-up of a decoder after jumping into a coded data 
file at an unknown position (e.g., random accessing), 
•to seek to a known point in the data to assist recovery 
after a data error. 

For example. Table A. 11. 6 shows the MPEG start codes 
searched, for different configurations of 
start_code_search. The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11.4. 
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start_code-sea rch 


Start codes searched for ... 




Normal ooeration 


i 
1 


r\eservea ^wiii oenave as uiscaro aaiaj 


2 




3 


sequence start 


start code search 


Start codes searched for... 


4 


group or sequence start 




picture, group or sequence start 


6 


slice, picture, group or sequence start 


7 


the next start or marker code 



Table A.11.6 Start code search modes 



a. A FLUSH Token places the Start Code Detector in 
this search nnode. 

b. This is the default mode after reset. 

When a non-zero value is written into the 
start_code_search register, the Start Code Detector will start to 
discard all incoming data until the specified start code is detected. 
The start_code_search register will then reset to 0 and normal 
operation will continue. 

The start code search will start immediately after a non- 
zero value is written into the start_code_search register. The 
result will be unpredictable if this is done when the Start Code 
Detector is actively processing data. So. before initiating a start 
code search, the Start Code Detector should be stopped so no 
data is being processed. The Start Code Detector is always in 
this condition if any of the Start Code Detector events (non- 
aligned start event etc.) has just generated an interrupt. 

A.1 1.8.1 Limitations on using start code search with JPEG 
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Mosf-^EG marker codes have a . 1-6 bit length count field 
associated with them. This field indicates the length of a 
data seg„,ent associated with the marker code. This segment 
.-nay contain values that emulate marker codes. m normal 
operation, the start Code Detector doesn't look for star^ 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. m general, JPEG coded video will require 
additional external information to identify entry points 
for random access . 
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SECTier* A.n Decoder start-up control 

A. 12.1 ov.rvi.w of a.eoder at.rt-up 

in a d.cod.r, video display „iu normally be delayed a 
sho.. Cine ar«. coded da.a is .i.s. available. Our", 
t.is delay, coded data accumulates in the buyers in the 

tZTZn -"-^"^^"^ - ^u..ers ensures that he 

buffers never e„pty durinc, decodin, and, this, therefore 
ensures that the decoder is able to decode n,: pictures at 
regular intervals. Piciiures at 

Generally, two facilities are required to correctly 
start-up a decoder. Pirst, there „ust be a ..ch.nis. to 

second T '"^'^'^ ^«-<'«. 

second, there „ust be a .echanis. to prevent the display of 
a new v.deo strea.. The Spatial Oecoder of the inventiln 
provides a bit counter near its input to measure how much 
data has arrived and an output ^ate near its output to 
prevent the start of new video stream bein, output 

these^f^crutTes" ""^^ " ""^"""^ - 

•Output gate always open 
' Basic control 
• Advanced control 

«ith the output ,.te always open, picture output win 

at th I " ^"^ " «rive 

at the decoder. This is appropriate for still picture 

^^^^^^ — ^ 

The difference between ha=,-,- . ^ 

etween basic and advanced control 

relates to how many short video stream.^ i, 

in rK= ^ streams can be accommodated 

the decoder's buffers at anv timo n • 
^ . ' time. Basic control is 

sufricient for most applications u- 

conrroi 1, PP^-Lcations. however, advanced 

control allows user software to help th» ^ 
sta,-r * ^ decoder manage the 

start-up Of several very short video streams. 



# 
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A. 12 .2"-. i«»E<3 video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before It starts 
to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary,, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
can readily be converted to a bit count. This is the basis 
on Which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, the term stream, is used to avoid 
confusion with the MPEG term segue;,ce. strea;n therefore 
means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or It could be a single picture. 

The decoder start-up facilities described in this 
Chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A. 12. 4 Start-up control registers 





Register name 


Size/Dir 


State 


Description 






Reset 






si3 nu p_access 


1 


0 


Writing 1 to this register requests that the bit 




CED_BS_ACCESS 


rw 




counter and gate opening logic stop to allow 
access to their configuration registers. 




bit_count 


8 


0 


This bit counter is incrennented as coded data 










leaves the start code detector. The number of 




CED_BS_COUNT 


rw 




bits required to Increment bit_count once is 
approx. 2<*''*-«*""*-P^«^'^^^> x 512. The bit counter 
starts counting bits after a FLUSH Token 


v— 


bit_count_prescale 


3 


0 




CED_BS_PRESCALE 


rw 




passes through the bit counter. 










It is reset to zero and then stops Incrementing 










after the bit count target has been met. 




bit count target 


8 


X 


Thi^ rpoiMpr ^nppifip^ thp hit pniint tarnpt A 




CED_BS_TARGET 


rw 




target met event is generated whenever the 
following condition becomes true: 
bit_count>=bit_count_target 




target_met_event 


1 


0 


When the bit count target is met this event will be 
generated. If the mask register is set to 1 then an 




BS_ TARGET_MET_EVENT 


rw 




interrupt can be generated, however, the bit counter 
will NOT stop processing data. 

This event will occur when the bit counter increments 




target_met_mask 


1 

rw 


0 


to its target. It will also occur if a target value is 
written which is less than or equal to the current 
value of the bit counter. 

Writing 0 to bit_count_target will always generate a 
target met event 



Table A. 12.1 Decoder start-up registers 



# m 
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Kegisier rMame 


Size/Dir. 


Reset State 


Description 


counter_fiushed_event 
BS_FLUSH_EVENT 


1 

rw 


0 


When a FLUSH Token passes through the 
bit count circuit this event will occur. If the 
mask register is set to 1 then an interrupt 
can be generated and the bit counter will 
stop- 


counter_flushed_mask 


1 

rw 


0 


counter_flushed_too_early_event 
BS_FLUSH_BEFORE_TARGET_MET_EVENT 


1 

rw 


X 


If a FLUSH Token passes through the bit 
count circuit board and the bit count target 
has not been met this event will occur. If 
the mask register is set to 1 then an 
Interrupt can be generated and the bit 
counter will stop. 

See A. 12. 10. 


counter_flushed-too-early-mask 


1 

rw 


0 


offchip_queue 
CED_BS_QUEUE 


1 

rw 


0 


Setting this register to 1 configures the 
gate opening logic to require 
microprocessor support. When t his 
register is set to 0 the output gate control 
logic will automatically control the 
operation of the output gate. 

See sections A.12.6 and A.12.7. 


enable^stream 

CED_BS_ENABLE_NXT_STM 


1 

rw 


0 


When an off-chip queue is in use writing to 
enable_stream controls the behaviour of 
the output gate after the end of a stream 
passes through it. 

A one in this register enables the output 
gate to open. 

The register will be reset when an 
accept_enable interrupt is generated. 


Table A.12.1 Decoder stan 


t-up registers (contd) 



# • 
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Register Name 


Size/Dir. 


Reset State 


Description 


accept_enable_event 
BS_STREAM_END_EVENT 


1 

rw 


0 


This event indicates that a FLUSH 
Token has passes through the output 
gate (causing It to close) and that an 
enable was available to allow the gate 
to open. 

If the mask register is set to 1 then an 
interrupt can be generated and the 
register enable_stream will be reset. 
See A.12.7.1 . 


accept_enable_mask 


1 

rw 


0 



Table A.12.1 Decoder start-up registers (contd) 
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A.12.»^ «utput gate always open 

The output gate can be configured to rerr.am ooen Th • 
configuration ^ • ^pen. This 

guration is appropriate where still pictures are h ■ 
decoded or -^h^^ - H-^^^uir.s are beinq 

e=>, or When some other mechanism is available to 
manage the start-up of the video decoder 

The following configurations are required after reset 
(having gained access to the start-up control logic b, 
•-Titing 1 to startup_access) : ^ 
■ set of f chip_queue = i 
• set enable_stream = i 

■ensure that all the decoder start-up event mask 

registers are set to o disabling their interrupts 
(this IS the default state after reset) 

outLuV ^" explanation of why this holds the 

output gate open.) 

A. 12 ,6 Basic operation 

109 = IS sufj.cienr tor the ™a,crity of „peo video 

uj.ireci:iy «itn the output aato th^ ^ ^ 

gate. The output gate will n]rs<z^ 
auro^a.icau. es .he end « a video s.rean passes L'T 
it as indicated by a FLncru through 

Closed until ""^^ ""^^^ ""^^n 

cosed until an enable is provided by the bit counter 

c.rcuitry when a stream has attained its start-up bit 

The following configurations are required after reset 
(having gained access to the starr ..r, 

..r-i^: , Start-up. control logic by 

writing i to startup_access) : 

^set bit_count_prescale approximately for the expected 
range of coded data rates 

^set =ounter_flushed_too_early_mask = i to enable this 
error condition to be detected 
Tvo interrupt service routines are required- 
Video Der.ux service to obtain the value of 
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»^^_deiay for the first picture in each new 
stream 

■Counter flushed too early service to react to 

this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay fo^ a 
new video stream (i.e., the first picture to arrive at'the 
video demux after a FLUSH). The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target xt 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A.12.C.1 Starting « b«v strsaa shortly aft«r aaethar 
fiaiabss 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 

As the FLUSH marking the end of stream A passes through 
the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 
have already met its start-up conditions when the output 
gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 

A. 12. 6.2 A sueeessioB of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 
finish being decoded. in the present invention, this 
situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 

In Figure 69 stream A is being decoded and the 
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outpu;^.gate is open). streams B and c have met their 
Start-up conditions and are entirely contained within the 
buf.ers managed by the Spatial Decoder. stream D is still 
arriving at the input of the Spatial Decoder 

Enables for streams B and C are -in the queue. So, when 
stream . is completed B win be able to start imr.ediat-ly 
Similarly c can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 
queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., a is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 
input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through. 

A. 12, 7 Advanced operation 

In accordance with the present invention, advanced 
control Of the start-up logic allows user software to 
infinitely extend the length of che enable queue described 
xn A.12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
^..12.6.2, A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained . access to the start-up 
control logic by writing i ro start_up access): 
* set of f chip_queue = i 

set accept_enable_mas)c = i to enable interrupts 

-hen an enable has been removed from rhe queue 
■ set target_met_mask = l to enable interrupts 

-hen a stream's bit count target is met 
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Two additional interrupt service routines are 
required: 

• accept enable interrupt 

5 • Target nnet interrupt 

When a target met interrupt occurs, the service 

routine should add an enable to its off-chip enable queue. 

A.1 2.7.1 Output gate logic behavior 

p Writing a 1 to the enable_stream register loads an enable 

10 into a short queue. 

''4 When a FLUSH (marking the end of a stream) passes 

^ f through the output gate the gate will close. If there is an enable 

available at the end of the queue, the gate will open and generate 
an accept_enable_event. If accept_enable_mask is set to one, 
15 an interrupt can be generated and an enable is removed from the 
end of the queue (the register enable_stream is reset). 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event and the 
enable is NOT removed from the end of the queue. This 
20 mechanism can be used to keep the output gate open as 
described in A. 12.5. 

A.I 2.8 Bit counting 

he bit counter starts counting after a FLUSH Token passes 
through it. This FLUSH Token indicates the end of the current 
25 video stream. In this regard, the bit counter continues counting 
until it meets the bit count target set in the bit_count_target 
register. A target met event is then generated and the bit counter 
resets to zero and waits for the next FLUSH Token. 

The bit counter will also stop incrementing when it reaches 
30 it maximum count (255). 

A.1 2.9 Bit count prescale 
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in the present invention, 2^*^*^-^""^-p^^^^'^*^> x 512 bits are 
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requit*d«to increment the bit 
bit_count_prescale is a 3 bit 
value between 0 and 7. 



counter once. Furthermore, 
register than can hold a 



N 


Range (bus) 


Resolution (bits) 


0 


0 to 262144 


1 1024 




0 to 524286 


I 2048 


7 


0 to 31457280 


122880 



Table A. 12.2 



Example bit counter ranges 



The bit count is approximate, as some elements of the 
video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12. 10 Counter flushed too early 

If a FLUSH, token arrives at the bit counter before the 
bit count target is attained, an event is generated which 
can .cause an interrupt (if counter_f lushed_too_early_mask = 
!)• If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 
open the output gate after this event has occurred. The 
output gate can- be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTP©>f A.13 Buffer Management 

The Spatial Decoder manages two logical data buffers: 
the coded data buffer (CDB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data. 

Both buffers are physically held in a single off-chip 
_ DRAM array. The addresses for these buffers are generated 
1= by the buffer manager. 

A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset m 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register 
buffer_manager_access, set to i, awaiting configuration. 
After the registers have been configured, 

buffer_manager_access can be set to o and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating 
Before any of the buffer manager registers are accessed 
buffer_manager_access must be set to l. This makes it 
essential to observe the protocol of waiting until the 
value 1 can be read from buf f er_manager_access . The time 
taken zo obtain and release access should be taken into 
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consideration when polling such registers as cdb_full and cdb_empty to 
monitor buffer conditions. 



Register name 


Size/Dir. 


Reset State 


Description 


buffer_manager_access 


1 

n« 


1 


This access bit stops the operation of the buffer manager so 
that its various registers can be accessed reliably. See 
A.6.4.1 . Note: this access register is unusual as Its default 
state after reset is 1 . i.e. after reset the buffer manager is 
halted awaiting configuration via the microprocessor 
interface. 


buffer_manager_keyhole_address 


6 


X 


Keyhole access to the extended address space used for the 
buffer manager registers shown below. See A.6.4.3 for 




rw 




more information about accessing registers through a 
keyhole. 


buffer manager keyhole data 


8 
rw 


X 


bufferjimit 


18 
rw 


X 


This specifies the overall size of the DRAM array attached to 
the Spatial Decoder. All buffer addresses are calculated 
MOD this buffer size and s will wrap round within the DRAM 

\JI \JVl\JsS\J. 


cdb_base 


18 


X 


These reaisters Doint to thp hflQ<* nf thp nnri^ri rtata ^r*^^h^ 


tb base 


rw 




and Token (tb) buffers. 


cuD_iengin 


18 


X 


These registers specify the length (i.e. size) of the coded 


tD_iengtn 


rw 




data (cdb) and Token (ib) buffers 


cdb_read 


18 


X 


ThlPQ,P rpniQtprQ hrtlH sin nffcot from tho Kiiffor Koca ^nri ■ 
1 1 icoc ick^ioLcio iiuivj all ciioCl lliJlil lilt; UUTTcr DaS6 anQ 


tb read 


ro 




indicate where data will be read from next. 


cdb_n umber 


18 


X 


These reoisters ^how hnw miiph Hntfi mtrrpntiv/ holH in tho 


tb_n umber 


ro 




buffers. 


cdb_full 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tbjull 


ro 




Token (tb) buffer fills. 


cdb_empty 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tb_empty 


ro 




Token (tb) buffer empties. 



Table A. 13.1 Buffer manager regis'ters 
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A.X3.i.i,Buffer manager pointer values 

Typically, data is transferred between t.^e Spatial 
Oecoder and the off.c.p ORAM in 64 byte bursts (us.ng the 
DRAr. s rast page mode,. All the buffer pointers and length 
registers refer to these 64 byte (512 bit, blocks of data 
so. the buffer manager's 18 bit registers descr.be a 256 k 
block linear address space (i.e.. 128 Mb, 

The 64 byte transfer is independent of the width (8 ^6 
or 32 bats, of the DRAM interface. 
10 A. 13.2 use of the buffer manager registers 

The spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
ixnit register (buf f er_limit, defines the physical upper 
limit of the memory space. All addresses are calculated 
15 modulo this number. 

Within the limits of the available memory, the extent of 
each buffer. is defined by two registers: the buffer base 
(=db_base and tb_base, and the buffer length (cdb length 
and tb.length,. All the registers described thus'far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb read and tb read, 
indicates an offset from the buffer base 7rom which d^ta 

2.\T ""'""^^ registers (cdb number 

and tb_number, indicate the amount of data current ly'held 
by buffers. The status bits cdb_full. tb full, cdb empty 
and tb_empty indicate if the buffers are full or en^ty 

AS stated in A.13.1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value read from cdb_number should be 
multiplied by 512 to obtain the number of bits in the coded 
data buffer. 
A. 13. 3 Zero buffers 

still picture applications (e.g., using JPEG, that do 



20 



2 5 
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not h^e^a ••real-time" requirement will not need the lara 
Off-Chip buffers supported by the buffer manager. m th^ 
case, the DRAW interface can be configured (by writing T 
the 2ero_buffers register, to ignore the buffer manager " 
provide a 128 bit stream on-chip FIFO for the coded data^ 
buffer and the Token buffers. 

The zero -buffers option may also be appropriate for 
applications which operate working at low data rates and 
'wxtih small picture formats. 

Note: the 2ero_buffers register is part of the DRA>! 
interface and. therefore, should be set only during the 
post-reset configuration of the DRAM interface. 
A. 13. 4 Buffer operation 

The data transfer through the buffers is controlled by . 
handshake Protocol. Hence, it is guaranteed that no data 
errors will occur if the buffer fills or empties. if a 
buffer is filled, then the circuits trying to send data -o 
z^e buffer wUi -be halted until there is space in the 

s'tao!!'.^ ' processing 
-ages up steam., of the buffer will halt until the Spatial 
decoder is unable to accept data on its input port 
Similarly, if a buffer empties, then the circuits trying to 
re..ove data from the buffer win halt until data is 
aval lable . 

AS described in A. 13. 2. the position and size of the 
coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers 
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SECTION A. 14 Video Demux 

The Video Demux or Video parser as it is also called, 
completes the task of converting coded data into Tokens started 
5 by the Start Code Detector. There are four main processing 
blocks in the Video Demux: Parser State Machine. Huffman 
decoder (including an ITOD). Macroblock counter and ALU. 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The Huffman 
10 decoder converts variable length coded (VLC) data into integers. 
The Macroblock counter keeps track of which section of a picture 
is being decoded. The ALU performs the necesssary arithmetic 
calculations. 



A. 14.1 Video Demux registers 



Register name 




11 Size/Dir. 1 




State 1 


Description 








Reset 




demux_access 


1 




0 




This access bit stops the operation of the Vidfio Demux so that it's 
various registers can be accessed reliably. Stse A.6.4.1. 


CED_H_CTRL[7] 


rw 








huffman_error_code 
CBD_H_CTRL{6:4] 


3 
to 




When the Video Demux stops following the ge neratlon of a 
huffman_event interrupt request this 3 bit register holds a value 
indicating why the interrupt was generated. See A. 1 4.5. 1 . 


parser_erfor_code 
CED_H_DMUX_ERR 


8 
ro 




When the Video Demux stops following the generation of a 
parser_event interrupt request this 8 bit register holds a value indicating 
why the interrupt was generated. See A. 14.5.2 . 


demux_keyhoIe_address 
C£D_H_KE YHOLE_ADDR 


12 
rw 


X 




Keyhole access to the Video Demux's extended address space. See 
A. 6. 4. 3 for more information about accessing registers tiirough a 
keyhole. 


demux_keyhole_data 


8 




X 




Tables A. 14.2. A.14.3 and A. 14.4 describe the registers that can be 
accessed via the keyhole. 


CED_H_KEYHOLE 


rw 









Table A,^A.^ Top level Video Demux registers 
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Register name 




1 Size/Dir. 




1 Reset State 1 


Description 


dummyjast_picture 
CED_H_ALU_REGO 
r_fom_control 
r_dummy_last_frame_bit 


1 

rw 


0 


When this register Is set to 1 the Video Demux will generate information fo^ 
a "dummy" intra picture as the last picture of an MPEG sequence. This 
function is useful when the Temporal Decoder ir. configured for automatic 
picture re-ordering (see A. 18.3.5. "Picture sequonce re-ordering") to flush 
the last P or 1 picture out of the Temporal Decoc'er. 

i^o "dummy" picture is required if: 

• the Temporal Decoder is not configured for re-ordering 

another MPEG sequence will be decoded immediately {as this will ciso 
flush out the last picture) 

the coding standard is not MPEG 


fieldjnfo 

CED_H_ALU_REGO 

r_rom_control 

r_fieldJnfo_bit 


1 

rw 


0 


When this register is set to 1 the first byte of any r;1?EG 
extra_information_picture is placed in the FlELD_INFO Token. See 
A.14.7.1. 


continue 

CED_H_ALU_REGO 

r_rom_control 

r_neid_continue_bit 


1 

rw 


0 


This register allows user software to control how much extra, user or 
extension data it wants to receive when it is detected by the decoder. See 
A.14.6 and A.14.7 . 


rom_revision 

CED_H_ALU_REG1 

r_rom_revision 


8 
ro 




Immediately following reset this holds a copy of the microcode ROM 
revision number. 

This register is also used to present to control software data values read 
from the coded data. See A. 14.6. "Receiving User and Extension data", on 
page 148 and A.14.7. "Receiving Extra Information". 



Table A.14.1 Top level Video Demux registers (contd) 
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Register name 




Size/Dir. 




Reset State 1 


Description 


huffman_event 


1 

rw 


0 


A Huffman event is generated if an error is found in the coded data. See 
A. 14.5.1 for a description of these events. 

If the mask register is set to 1 then an interrupt can be generated and the 
Video Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to recover from the error. 


huffman_mask 


1 

rw 


0 


parser_event 


1 

rw 


0 


A Parser event can be In response to errors in the coded data or to the 
arrival of infomnation at the Video Demux that requires software 
intervention. SeeA.14.5.2 for a description cf these events. If the mask 
register is set to 1 then an interrupt can be generated and the Video 
Demux will stop If the mask register is set to 0 tnen no interrupt is 
generated and the Video Demux will attempt to continue. 


parser_nnask 


12 
rw 


X 


Table A. 14.1 Top level Video Demux registers (contd) 


Register name 




size/dir. 




Reset State 


Description 


component_name_0 
comporient_name_1 
component_name_2 
component_name_3 


8 
rw 


X 


During JPEG operation the register component_name_n holds an 8 bit 
value indicating (to an application) which colour component has the 
component ID n. 


horiz_pels 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in pixels. 

See section A. 14.2 . 


vert_pels 


16 
rw 


X 


horiz_macrobtocks 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in macroblocks. 

See section A.14.2 . 


vert_macroblocks 


16 
rw 


X 



Table A.14.2 video demux picture construction registers 
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Register name 




1 Size/Dir. 1 




Reset State 


Description 


max_h 


2 




X 




These registers hold the macroblock width and height in blocks (8 x 
8 pixels). The values 0 to 3 indicate a width/height of 1 to 4 blocks. 




rw 


















See section A.14.2 . 


max_v 


2 




X 






rw 








max_component_id 


2 




X 




The values 0 to 3 indicate that 1 to 4 different video components 
are currently being decoded. See section A.14.2 . 




rw 








Nf 


8 




X 




During JPEG operation this register holds the parameter Nf 
(number of image components in frame). 




rw 








bIocks_h_0 


2 




X 




For each of the 4 colour components the registers blocks_h_r) and 
blocks V n hold the number of blocks horizontally and vertically in 


blocks_h_1 


rw 






a macroblock for the colour component with component ID n. 


blocks_h_2 










See section A.14.2 . 


blocks_h_3 












blocks_v_0 


2 




X 






btocks_v_1 


rw 






















bIocks_v_3 












tq_0 


2 




X 




The two bit value held by the register tq_n describes which Inverse 
Quantisation table is to be used when decoding data with 


tq_1 


rw 








component ID n. 


tq.2 












tq_3 













Table A.14.2 video demux picture construction registers (contd) 
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10 



15 



A. 14.1*-!^ Register loading «„d Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated in 
the coded picture/Video data. For example, the horiz pels 
register corresponds to the MPEG sequence header 
information, hori2ontal_si2e, and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux When the appropriate coded data is decoded. These 
registers are also associated with a Token. For example 
the register, horiz_pels, is associated with Token 
HORizOKTAL_SIZE. The Token is generated by the Video Demux 
When (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. m this case, the value carried by the Token win 
configure the Video Demux register associated with it 
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Register Name 


Size/Dir. 


Reset State 


Description 


dc_huff_0 
dc_huff_1 


2 
rw 




The two bit value held by the register dc_huff_/) describes which 
Huffman decoding table is to be used when decoding the DC 
coefficients of data with component ID n. 


dc huff 2 








dc_huff_3 






Similarly ac_huff_n describes the tabto to be used when decoding 
AC coefficients. 


ac_huff_0 


2 




ac_huff__1 

ar huff 9 


rw 




Baseline JPEG requires up to two Huffman tables per scan. The 
only tables implemented are 0 and 1 . 


ac_huff_3 








dc_bits_0[15:0] 
dc_bits_1[15:0] 


8 

rw 




Each of these is a table of 16. eight bit values. They provide the 
BITS information (see JPEG Huffman table specification) which 
form part of the description of two DC and two AC Huffman 


ac_bits_0[15:0] 


8 




tables. 


ac_bits_1[15:0) 


rw 




See section A.14. 3.1 . 


dc_huffvaL0[11:0I 
dc_huffvaM[1:0] 


8 
rw 




Each of these is a table of 12, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 

which form narl nf thp Hp^srrintinn r\i i\tjr\ L.C' Miiffman t^Kiac- 

See section A. 14. 3.1 . 


ac_hufrval_0(161 :0) 
ac_huffvaL1(161:0) 


8 

rw 




Each of these is a table of 162. eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two DC Huffman tables. 

See section A. 14. 3.1 . 


dc_zssss_0 
dc_2ssss_1 


8 

rw 




These 8 bit registers hold values that are "special cased" to 
accelerate the decoding of certain frequency used JPEG VLCs. 

dc_ssss - magnitude of DC coefficient i5 0. 

ac_eob - end of block 

ac_2rl - run of 16 zeros 


ac_eob_0 
ac_eob_1 


8 

rw 




ac__zrl_0 


8 . 




ac_zrl_1 


rw 







Table A. 14.3 Video demux Huffman table registers 




296 



Register Nsme 


Size/Dir. 


g; 
re 
in 

o 
o 

CJ 

q: 


ne<irrintinn 

I 
t 


buffer_si2e 


10 

(W 




This register Is loaded when decodin'.) MPEG data with a value 
indicating the size of VBV buffer required in an ideal decoder. 







This value is not used by the decoder cliips. However, the value 
it holds may be useful to user software when configuring the 
coded data buffer size and to determine whether the decoder is 
capable of decoding a particular MPIEG data file. 


pel_aspect 


4 

rw 




This register is loaded when decodincj MPEG data with a value 
indicating the pel aspect ratio. The value is a 4 bit integer thst is 
used as an indpy intn a t;^hlp Hprine»ri hu MPPf^ 

See the MPEG standard for a definition Df this table. 

This value is not used by the decoder cl'ips. However, the value 
it holds may be useful to user software v/hen configuring a 
display or output device. 


bit_rate 


4 

rw 




This register is loaded when decoding MPEG data with a va'ue 
indicating the coded data rate. See the MPEG st£indard for a 
definition of this value. This value is not used by the decoder 
chips. However, the value it holds may be useful to user 
software when configuring the decoder start-up registers. 


ptc_rate 


4 

rw 




This register is loaded when decoding MPEG data with a value 
indicating the 

picture rate. See the MPEG standard :or a definition of this 
value. This value is not used by the dt:coder chips. However, 
the value it holds may be useful to user software when 
configuring a display or output device. 


Constrained 


1 

rw 




This register is loaded when decoding MPEG data to indicate if 
the coded data meets MPEG's constrained parameters. See the 
MPEG standard for a definition of this flag. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software to determine whether the 
decoder is capable of decoding a particular MPEG data file. 



Register Name 



00 
0) 



Description 



picture_type 



rw 



During MPEG operation this register holds the picture type of the 
picture being decoded. 



h_261_pic_type 



broken closed 



rw 



rw 



This register is loaded when decoding H.261 data. It holds 
information about the picture format. 



7 


6 


5 


4. 


3 


2 


1 


0 




f 


f 


s 


d 


f 


d 


f 


f 



Flags: 

s - Split Screen Indicator 

d - Document Camera 

r - Freeze Picture Release 

This value is not used by the decoder chips. However, the 
information should be used when configuring horiz_pel£i, vef1_pels 
and the display or output device. 



During MPEG operation this registe" holds the broken Jink and 
closed_gap 

information for the group of pictures tteing decoded. 



7 


6 


5. 


4 


3 


2 


1 


0 




r 


r 


r 


r 


r 


r 


c 


b 



Flags: 

C - closed_gap 



Table A. 14. 4 Other Video Demux registers (contd) 
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Register Name 



Prediction mode 



vbv_delay 



pic_number 



dummyjast_picture 



field info 



continue 



rom revision 



coding_standard 



9 



rw 



16 



1) 



rw 



ro 



Description 



During MPEG and H.261 operation this register holds the 
current value of prediction mode. 



7 


6 


5 


4 


3 


2 


1 


0 




r 


r 


r 


h 


y 


X 


b 


f 



Flags: 

h - enable H.261 loop filter 

y - reset backward vector prediction. 



This register is loaded when decoding MPEF data with a value 
indicating the minimum start-up delay before decoding should start. 

See the MPEG standard for a definit on of this value. 

This value is not used by the decoder chips. However, the value it 
holds may be useful to user software when configuring the; decoder 
start-up re g iste rs. 



This register holds the picture number for the pictures that is currently 
being decoded by the Video Demux. This number was generated by 
the start code detector when this picture arrived there. 

See Table A. 1 1 .2 for a description of th e picture number. 



These registers are also visible at the top level. See Table A. 14.1 



This register is loaded by the CODING_STANDARD Token to 
configure 

the Video Demux's mode of operation 
See section A. 21. 1 . 



Table A. 14.4 Other Video Demux registers (contd) 
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Register name 


Size/Dir. 


Reset 
State 


Description 


restartjnterval 


8 

rw 




This register is loaded when decoding JF*EG data with a value 
indicating the mininnum start-up delay before decoding should start. 

See the MPEG standard for a definition of this value. 



Table A. 14.4 Other Video Demux registers (contd) 



Register 


Token 


standard 


comment 


component_nanne_/? 


COMPONENT_NAME 


JPEG 


in coded data. 


MPEG 


not used in standard 


H.261 


horiz_pels 
vert_pels 


HORIZONAL_SIZE 
VERTICAL_SIZE 


MPEG . 


in coded data. 


JPEG 


H.261 


automatically derived from 
picture type. 


horiz_nnacroblocks 
vert_macroblocks 


HORIZONTAL_MBS 
VERTICAL_MBS 


MPEG 


control software must derive 
from horizontal and vertical 
picture size. 


JPEG 


H.261 


automatically derived from 
picture type. 


max_h 
nnax_v 


DEFINE_MAX_SAMPLING 


MPEG 


control software must 
configure. 

Sampling structure is fixed 
by standard. 


JPEG 


in coded data. 


H.261 


automatically configured for 
4:2:0 video. 



5 



Table A.14.5 register to Token cross reference 
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max__connponent_id 


MAX_COMP_ID 


MPEG 


control software must configure. 
Sampling structure is fixed by 
standard. 






JPEG 


in coded data. 






H.261 


automatically configured for 4:2:0 
video. 


tn 0 


JPEG TABLE SELECT 


JPEG 


in coded data 


tq_1 




MPEG 


not used in standard. 


tn O 








iq o 








DIOCKS_n_U 

blocks_h_1 


U t r 1 1 N Cl o Mlvl n L 1 IN Vj 




coniroi soiTwarc riiusi corutyurc. 
sampling structure is fixed by 
standard. 


blocks_h_2 








blocks_h_3 




JPEG 


in coded data. 


blocks_v_0 
bIocks_v_1 




H.261 


automatically configured for 4:2:0 
video. 


blocks_v_2 








blocks_v_3 








dc_huff_0 


in scan header data 


JPEG 


in coded data. 


dc_huff_1 


MPEG_DCH_TABLE 


MPEG 


control software must configure 


dc_huff_2 




H.261 


not used in standard. 


dc_huff_3 








ac_huff_0 


in scan header data 


JPEG 


in coded data. 


ac_huff_1 




MPEG 


not used in standard. 


ac_huff_2 




H.261 




ac_huff_3 









Table a. 14.5 Register to Token cross reference (contd) 
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Register 



Token 



: standard 



t commejnt 



dc_bits_0[15:0] 


in DATA Token following 


JPEG 


in coded data. 


dc bits 1115 01 


DHT MARKER Token 






dc huffval 0[11:0] 




MPEG 


control software must configure. 


dc_huffval_1(1 1:0] 




H.261 


not used in standard 


dc_zssss_0 








dc zssss 1 








ac_bits_0[15:0l 


in DATA Token following 


JPEG 


in coded data. 


ac_bits-1[15:0] 


DHT_MARKER Token 






ac_huffval_0[161:0] 
ac_huffval_1 (161:0] 




MPEG 


not used in standard. 




H.261 




ac_eob_0 








ac_eob_1 








ac_2rl_0 








ac_2rl_1 








hiiffpr 




MPFn 

IVlr L—O 


III UUUcU Uaid. 






JPEG 


not used in standard. 






H.261 




pel_aspect 


PEL_ASPECT 


MPEG 


in coded data. 






JPEG 


not used in standard. 






H.261 




bit _rale 


BIT_RATE 


MPEG 


in coded data. 






JPEG 


not used in standard. 






H.261 




pic_rate 


PICTURE_RATE 


MPEG 


in coded data. 






JPEG 


not used in standard. 






H.261 




constrained 


CONSTRAINED 


MPEG 


in code(i data. 






JPEG 


not used in standard. 






H.261 




picture_type 


PiCTUREJfYPE 


MPEG 


in coded data. 






JPEG 


not used in standard 






H.261 





Table A 14.5 Register to Token cross reference 




302 



broken_closed 


BROKEN_CLOSED 


MPEG 


in coded data. 


JPEG 


not used in standard. 


H.261 


prediction_mode 


PREDICTION_MODE 


MPEG 


in coded data. 


JPEG 


not used in standard. 


H.261 




h_261_pic_type 


PICTURE_TYPE 

(when standard is H.261) 


MPEG 


not relevant 


JPEG 




H.261 


in coded data. 


vbv_delay 


VBV_DELAY 


MPEG 


in coded data. 


JPEG 


not used in standard. 


H.261 


pic_number 


Carried by: 
PICTURE_START 


MPEG 


Generated by start code 
detector. 


JPEG 


H.261 


coding_standard 


CODING_STANDARD 


MPEG 


configured in start code 
detector 


JPEG 


H.261 



Table A. 14. 5 Register to Token cross reference (contd) 



A. 14.2 Picture structure 

In the present invention, picture dimensions are described to the Spatial 
5 Decoder in 2 different units: pixels and macroblocks. JPEG and MPEG both 
connnnunicate picture dimensions in pixels. Communicating the dimensions in' 
pixels determine the area of the buffer that contains the valid data; this may be 
smaller than the total buffer si2:e. Communicating dimensions; in macroblocks 
determines the size of buffer required by the decoder. The macroblock 
10 dimensions must be derived by the user from the pixel 
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10 



dimen.aons. The Spatial Decoder registers associated w.., 
thxs information are: horiz_pels, vert pels 
hori2_macroblocks and vert_macroblocks . 

The spatial Decoder registers, bloc)cs_h_n, blocks v n 
max_h. max_v and .ax_con,ponent_id specify the con,pos"i t~ion 
of the macroblocks (minimum coding units in JPEG) . Each 
a 2 bit register than can hold values in the range 0 to 3 
All except inax_component_id specify a block count of 1 to 
4. For example,., if register max_h holds 1, then a 
n^acroblock xs two blocks wide. Similarly, max.component id 
specifies the number of different color components 
i n vo 1 ved , 



is 
to 3 . 





2:1:1 


4:2:2 


4:2:0 


1:1:1 


max h 


1 


1 


1 


0 


max V 


0 


1 


1 


0 


max_component id 


2 


2 


2 


2 


blocks h 0 


1 


1 


1 


0 


blocks h 1 


0 


0 


0 


0 


blocks h 2 


0 


0 


0 


0 


blocks h 3 


X 


X 


X 


X 


blocks V 0 


0 


1 


1 


0 


blocks V 1 


0 


1 


0 


0 


blocks V 2 


0 


1 


0 


0 


blocks V 3 


x 


X 


X 


X 



e A. 14.6 configuration for various BacrobloOc formats 
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^•i<'>- Muffman tables 

A. 14. 3.1 JPEG style Huffman table descriptions 

In the invention. Huffman table descriptions are 
provided to the Spatial decoder via the format used by jpeg 
to communicate table descriptions between encoders and 
decoders. There are two elements to each table 
description: ■ BITS and HUFFVAL. For a full description of 
how tables are encoded, the user is directed to the JPEG 
speci f icat ion . 

A. 14 . 3 . 1 . 1 BITS 

BITS is a table of values that describes how many 
different symbols are encoded with each length of VLC 
Each entry is an 8 bit value. JPEG permits VLCs with up to 
16 bits long, so there are 16 entries in each table. 

The BITSfO] describes how many different 1 bit VLCs 
exist While BITSClJ describes how many different 2 bit VLCs 
exist and so forth. 
A. 14 . 3 , 1,2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
Of increasing VLC length. The size of this table will 
depend on the number of different symbols that can be 
encoded by the VLC. " 

The JPEG specification describes in further detail how 
Huffman coding tables can be encoded or decoded into this 
format . 

A. 14 . 3 . 1 .J Configuration by TokawQ 

In a JPEG bitstream, the OHT marker precedes the 
description of the Huffman tables used to code AC and DC 
coefficients. When the Start Code Detector recognizes a 
DHT marker, it generates a DHT_MARKER Token and places the 
Huffman table description in the following DATA Token (see 
A. 11. 3 .4) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA and DHT_MARKER Tokens to the input of the 
Spatial Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the DC 
5 coefficient Huffman tables required for MPEG operation, however, 
the coding standard of the Spatial Decoder must be set to JPEG 
while the tables are down loaded. 



E 


7 


6 


5 


4 


3 


2 


1 


0 


Token Name 




1 


0 


0 


0 


1 


0 


1 


0 


1 


UUUIN(j_b 1 ANDARD 




0 


0 


0 


0 


0 


0 


0 


0 


1 


1 = JPEG 




0 


0 


0 


0 


1 


1 


1 


0 


0 


DHT_MARKER 




1 


0 


0 


0 


0 


0 


1 


X 


X 


DATA 




1 


t 


t 


t 


t 


t 


t 


t 


t 


Tn Value indicating which Huffnnan table 
is to be loaded. JPEG allows 4 tables to 
be downloaded- 

Values 0x00 and 0x01 specify DC 
coefficient coding tables 0 and 1. 

Values 0x10 and 0x11 specifies AC 
coefficient coding tables 0 and 1. 


This sequence can be repeated to aiiow 
several tables to be described in a single Token. 


1 


n 


n 


n 


n 


n 


n 


n 


n 


Li- 1 6 words carrying BITS 
information 




1 


n 


n 


n 


n 


n 


n 


n 


n 


1 


n 


n 


n 


n 


n 


n 


n 


n 


Vij- Words carrying HUFFVAL 
information (the number of words 
depends on the number of different 
symbols). 

\. 

e - the extension bit will be 0 if this is 
the end of the DATA Token or 1 if 

another table description is contained 
in the same DATA Token. 


















e 


n 


n 


n 


n 


n 


n 


n 


n 



Table A. 14. 7 Huffman table configuration via Tokens 
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A. 14 . >fi ^ Configu ration hy mpt 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI. See Table 
A . 14 . 3 . 

•The registers dc_bits_0 f 15 : 0 ) and dc_bits ifiSrO' 
hold the BITS values for tables 0x00 and 0^01 . 

The registers ac_bits_0 r 15 : 0 ) and ac_bi ts_l f i 5 • o ] 
hold the BITS values for tables 0x10 and Oxll. 
•The registers dc_huf f val_0 [ ii : o ] and 
dc_huffval_irii:0) hold the HUFFVAL values for 
tables 0x00 and OxOi. 

•The registers ac_huf f val_0 [ 161 : o 1 and 

ac_huffval_lfi6l:0] hold the HUFFVAL values 

for tables 0x10 and 0x11. 
A. 14. 4 Configuring for different standards 

The Video Demux supports the requirements of MPEG JPEG 
and H.261. The coding standard is configured automatically 
by the CODING.STANDARD ToKen generated by the Start Cod- 
Detector. 

A. 14. 4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
xn ROMS Within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and. therefore 
require no user intervention. 
A. 14. 4. 2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. when this data is 
decoded by the Spatial Decoder, it is placed in the 
h_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 
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and t«s-ensures that other decoder chips (such as the 
Temporal Decoder) are correctly configured. 
A. 14. 4. 3 MPEG HuffB.n tables 

The r.ajority of the Huffman coding tables required to 
decode MPEG are held in ROMs within the Spatxal Decoder 
(again, xn the parser state machine) and. thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of Intra! macroblocks . Two 
tables are required, one for chroma the other for luma 
These must be configured by user software before decoding 
begins. ^ 



Macroblock construction 


1 GIF/ 
QCIF 


picture construction 


GIF 


QGIF 


max h 


1 


horiz pels 


352 


176 


max V 


1 


vert pels 


288 


144 


max_component id 


2 


horiz macroblocks 


22 


11 


blocks h 0 


1 


vert macroblocks 


18 


g 


blocks h 1 


0 








blocks h 2 


0 








blocks V 0 


1 








blocks V 1 


0 








blocks V 2 


0 







Tabl« A. 14. 8 Automatic settings for H.261 

Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
Spatial Decoder. Alternatively, the same results can be 
Obtained by writing this information to registers via the 
MPI . 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 
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A.14.g snows how they should be configured for MPEG 
operation. This can be done directly via the MPI or by 
using the MPEG_DCH_TABLE Token. 



oe.nofl.O 





I 


(Jc.huft_2 


1 


dc.hufi(.3 


X 



le A. 14. 9 MPEG DC Huffman table selection via MPI 



E 1(7:0) 
1 10x15 


Token Name 
UODING STANDARD 

1 = JPEG 


0 1 0x01 


0 OxIC 


DHT_MARKER ' 


1 0X04 


DATA (could be any colour component. 0 is used in the example) 


1 1 0X00 


0 indicates that this Huffman table is DC coefficient coding table 0 



Table A.14.X0 MPEG DC Huffman table configuration 
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E 


(7:0) 


Token Name 


— ^ 


0x00 


16 words carrying BITS information a total of 9 
different VLCs: 

2.2 bit codes 

3.3 bit codes 

1.4 bit codes 

1.5 bit codes 

1.6 bit codes 

1.7 bit codes 

If configuring via the MPI rather than with Tokens these 
values would be written into the dc_bits_0[15:0] registers. 




0x02 




0x03 




0x01 




0x01 




0x01 




0x01 




0x00 




0x00 




0x00 


— 


0x00 


— 


0x00 


— 


0x00 


— 


0x00 


— 


0x00 


— 


0x00 


— 


0x01 


9 words carrying HUFFVAL information 

if configuring via the MPI rather than with tokens th^jse 
values would be written into the dc_hjffval_0[1 1 :0] 
registers. 


— 


0x02 


— 


0x00 




0x03 




0x04 




0x05 




0x06 




0x07 


d 


0x08 



Table A.14.10 MPEG DC Huffman 
table configuration (contd) 
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E 


(7.0) 


Token Name 


n 


W A 1 w 


DHT_MAF^.KER 




0x04 


DATA (could be any colour component, 0 is useid in this example) 


— 


0x01 


1 indicates that this Huffman table is DC coefficient coding table 1 




0x00 


16 words carrying BITS information describing a total of 9 

different VLCs: 

3, 2 bit codes 

1, 3 bit cx)des 

1. 4 bit codes 

1, 5 bit codes 

1. 6 bit codes 

1. 7 bit codes 

1. 8 bit codes 

If configuring via the MPI rather than with Tokens these values would be 
written into the dc_bits_1 [1 5:0] registers. 




0x03 




0x01 




0x01 




0x01 




0x01 




0x01 




0x01 




0x00 




0x00 




0x00 




0x00 




0x00 




0x00 




OyOO 




UXUU 


1 


QxOO 


9 words carrying HUFFVAL information 

If configuring via the MPI rather than with Tokens these values 
would be 

written into the dc_huffval_1[1 1:0] registers. 


1 


0x01 


1 


0x02 


1 


QX03 




0x04 


^ — 


0x05 


1 


0x06 




0x07 








0x04 


MPEG DCH TABLE 

Confioure so table 0 is used for comoonent 0 




0x00 




0x05 


MPEG DCH TABLE 

Confioure so table 1 is used for component 1 




0x01 




0x06 


MPEG DCH TABLE 

Configure so table 1 is used for component 2 


0 


0x01 



Table A. 14.10 MPEG DC Huffman table configuration (contd) 
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E 


1 (7:0) 


Token Name 


1 


0x15 


CODING STANDARD 

2 = JPEG 


0 


0x02 



Table A. 14. 10 MPEG DC Huffman 
table configuration (contd) 
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A. 14.4.4 MPEG Picture structure 

The macrobiock construction defined for MPEG is the same 

as that used by H.261. The picture dimensions are, encoded 

in the coded data. ' 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A.14.S. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 

(see Table A. 14. 5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
registers listed in Table A. 14.3 can be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded fron zhe coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR__MPEG_SEQUENCE , see A. 14.8, "Changes at 
the MPEG sequence layer". 
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^'i-4.4TS*- JPEG 



Within baseline jpeg there = 

control softua»-e. — . "Hxexicy of the 

oi software required to operate the do..^.> ,^ 



r,^^ , " operate the decoder Tn 

is n,«: foUowin, condition 

^Number of color components per tra.e is less 
than 5(N,<4) 
10 A. 14. 4. 6 JPEG Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
dow 1,,,,, ^^^^^^^ ^^^^^ t3,d When 

decoding the VLCs describing the coefficients. Two tables 

There are three different types of JPEG file: 
Interchange format, an abbreviai-«^ * 

inage data anrf » "''^"^^^^^'^ f^^^^t for compressed 

The Spatial Decoder will ar-^««^ , , 
However ^hh. • accept all three formats. 

However, abbreviated image data fii«o 

U .11 t«e re,.ire. t.le'. nev! l^^^T TJr"" 
definition can be done via either 

file tvr,»« , either of the other two JPEG 

riie types, or alternatively the r.Ki 

user software. ""^^ ^'^ "^-"P 



If each scan uses a different set u 

--^en tne table definitions are placed ' tl"" " ' 

coded data before eacn scan "". ^^.r 

1-ded by tne Spatial Oecoder for use d 

use during this and any 



subsequent scans. 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
coefficients and run of 16 zero AC coefficients. The 
values for these special cases should be written into the 
appropriate registers. 
A>14,4>6.1 Table selection 

The registers dc_huff_/3 and ac_huff_n control which AC 
and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TD- and Ta^ fields of the scan header syntax. 
A. 14 .4 .7 JPEG Pict\ire structure 

There are two distinct levels of baseline JPEG decoding 
supported by the Spatial Decoder: up to 4 components per 
frame (Nf<4) and greater than 4 components per frame (N,>4). 
If N^>4 is used, the control software required becomes more 
complex. 

A, 14. 4, 7 .1 Kf<4 

The frame component specification parameters contained 
in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14. 8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 
components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A.16,1. 
A.14.4.7.2 JPEG with more than 4 components 

• The Spatial Decoder can decode JPEG files containing up 
to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 



only •iiews a maximum of 4 compojients in any scan. 
A. 14. 4. 8 Non-standard variants 

AS stated above, the Spatial Decoder suooorts some 
picture formats beyond those defined by JPEG and MPEG 

JPEG Umits minimum coding units so that they contain no 
more than lo blocks per scan. This limit does not apply to 
the spatial Decoder since it can process any minxnum coding 
unxt that can be described by bloc)cs_h_n. blocks v n, max h 
and max_v. " " — 

MPEG IS only defined f or 4 : 2 : 0 macroblocks (see Table 
A. 14. 8). However, the Spatial Decoder can process three 
other component macrobiock structures, (e.g., 4:2:2. 
A. 14. 5 Video events and errors 

The Video Demux can generate two^ types of events: parser 
events and Huffman events. See A. 6 . 3 , "Interrupts" for a 
description of how to handle events and interrupts. 
A. 14. 5.1 Huffman events 

Huffman events are generated by the Huffman decoder 
.he event which is indicated in huf f man_event and 
huffman_mask determines whether an interrupt is generated. 
Ir nuffman mask is set tin ^ 

- to 1, an interrupt wiH be generated 

and the Huffman decoder will halt. The register 
huffman_error_codeC2:0) win hold a value indicating the 
cause of the event. 



If 



1 is written to huf f man_event after servicing the 



interrupt, the Huffman decoder win attempt to recover from 
the error. Also, if huffman.mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 
automatically. 
A. 14. 5. 2 Parser events 

Parser events are generated by the Parser. The event is 
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- 3 



10 



15 



indic^e* in parser_event . Thereafter, parser_mask 
determines whether an interrupt is generated. if 
parser_mas)c is set to i , an interrupt will be generated and 
rhe Parser will halt. The register parser error_code r 7 : o 1 
will hold a value indicating the cause of event. 

If 1 is written to huf f inan_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mas)c was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically . 

If 1 is written to parser_event after servicing the 
interrupt, the Parser win start operation again. if the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error. 

If parser_mask was set to o, the Parser will set its 
event bit. but will not generate an interrupt or halt. it 
will continue operation and attempt to recover from the 
error automatically. 
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huffnnan_error 


Description 


[2] 


(1] 


[C] ' 


0 


0 


0 


No error. This error shouici not occur durincj 
nnrmal opftratinn... . 


X 


U 


1 


Failed to find terminal code in VLC within 16 


X 


1 


0 


Found serial data when Token expected. 


X 


1 


1 


Found Token when serial data expected. 


1 


X 


X 


Information describing more than 64 
coefficients for a single block was decoded 
indicating a bitstream er or. The block output 
by the Video Demux will contain only 64 



Table A. 14.11 Huffman error codes 





np<irrintifin 


0x00 


ERR„NO_ERROR 

No Pars*rT error has occured, this event should not occur during 


0x10 


ERR_EXTENSION_TOKEN 

An EXTENSION_DATA Token has been detecttjd by the Parser. The 
detection of this Token should precede a DATA Token that contains 
the extension data See A 14 fi on page 148 


0x11 


E R R_E XTE N S 1 0 N_D AT A 

Following the detection of an EXTENSION_DATA Token, a DATA 
Token containing the extension data has been detected. See A. 14. 6 
on page 148 


0x12 


ERR„USER_TOKEN 

A USER_DATA Token has been detected by tho Parser. The 
detection of this Token should preceed a DATA Token that contains 
the user data. See A.14.6 on page 148 


0x13 


ERR_USER_DATA 

Following the detection of a USER_DATA Token, a DATA Token 
containing the user data has been detected. See A.14.6 on page 148 


0x20 


ERR„PSPARE 

H.261 PSARE information has been detected see A.14.7 on page 
149. 



Table A. 14.12 Parser error codes (Sheet 1 of 5) 
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0x21 


ERR_GSPARE 

H.261 GSARE information has been detected see A. 14.7 on page 149. 


0x22 


ERR_PTYPE 

The value of the H.261 picture type has changed. The register h_261_pic_type 
can be inspected to see what the new value is. 


0x30 


ERR_JPEG_FRAME 


0x31 


ERR_JPEG_FRAME_LAST 


0x32 


ERR_JPEG_SCAN 
Picture si;:e or Ns changed 


0x33 


ERR_JPEG_SCAN_COMP 
Component Change! 


0x34 


ERR_DNt._MARKER 


0x40 


ERR_MPEG_SEQUENCE 

One of tha parameters communicated in the MPEG sequence layer has 
changed. See A.14. 8 on page 150. 


0x41 


ERR„EXTRA_PICTURE 

MPEG exlra_information_picture has been detected see A. 14.7 on page 149. 


0x42 


ERR_EXTRA_SLICE 

MPEG exlra_information_slice has been detected see A. 14.7 on page 149. 


0x43 


ERR_VBV_DELAY 

The VBV_DELAY parameter for the first picture in a new MPEG video 
sequence has been detected by the Video Demux. The new value of delay is 
available in the register vbv__deiay. The first picture of a new sequence is 
defined as the first picture after a sequence end. FLUSH or resot. 


0x80 


ERR_SHORT_TOKEN 

An incorrectly formed Token has been detected. This error should not occur 
during normal operation. 



Table A, 14.1 2 Parser error codes (Sheet 2 of 5) 
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Parser_error_code (7:0) 


Description 


0x90 


ERR_H261_PIC_EfMD_UNEXPECTED 

Dtirinn H rtn^rjitinn thf* o n H of ?t oif^tiir*i hac he»sn tinr*ni tnti^ rt^H :at in 
I—' uiiii^ ri.ii.LJ 1 aiiKJi I iiic ciiLJ \j\ a ^ii^iLiic iicio Uc::^ii CH ^uui ilcicLi ol cill 

unexDecled oosition. This is likelv to indicate an error in the coded data. 


0x91 


ERR_GN_BACKUP 

During H.261 operation a group of blocks has been encountered with a group 
number less than that expected. This is likely to indicate an error in the coded 


0x92 


ERR_GN„SKIP_GOB 

During H-261 operation a group of blocks has been encountered with a group 
number 


OxAO 


ERR_NBASE_TAB 

During JPEG operation there has been an attempt to down load a Huffman table 
that is not supported by baseline JPEG (baseline JPEG only supports tablets 0 
and 1 for entropy coding). 


0xA1 


ERR_QUANT_PRECISION 

During JPc:G operation there has been an attempt to down load a quantisation 
table 

that is not .supported by baseline JPEG (baseline JPECB only supports 8 bit 

pmricinn in 


0xA2 


ERR_SAMPLE_PRECISION 

During JPEG operation there has been an attempt to specify a sample precision 
greater than that supported by baseline JPEG (baseline JPEG only supports 8 


0xA3 


ERR_NBASE_SCAN 

One or more of the JPEG scan header parameters Ss. Se, Ah and Al is set to a 
value not 

supported by baseline JPEG (indicating spectral selection and/or successive 


0xA4 


ERR_UNEXPECTED_DNL 

During JPEG operation a DNL marker has been encountered in a scan that is 
not the firs: scan in a frame. 


0xA5 


ERR_EOS;._UNEXPECTED 

During JPEG operation an EOS marker has been encountered in an unexpected 
place. 


Table A. 14.1 2 Parser error codes (Sheet 3 of 5) 
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Parser_code_error (7:0) 


Description 


0xA6 


ERR„RESTART_SKIP 

During JF'EG operation a restart marker has been encountered either in an 
unexpected 

place or the value of the restart marker is unexpected. If a restart marker is 
not found when one is expected the Huffman event "Found serial data when 


Ox BO 


ERR_SKIPJNTRA 

During MPEG operation, a macro block with a macro block address increment 
greater than 1 has been found within an intra(1) picture. This is illegal and 
probably indicates a bitstream error. 


OxB1 


ERR_SKIF>_DINTRA 

During MPEG operation, a macro block with a macro block address increment 
greater than 1 has been found within an DC only (O) picture. This is illegal 
and probably indicates a bitstream error. 


0xB2 


ERR_BAD_MARKER 

Durino MPEG operation, a marker bit did not have the; expected value. T^is 
probably indicates a bitstream error. 


0x83 


ERRJ3_MBTYPE 

During MF'EG operation, within a DC only (D) picture, a macroblock was found 
with a macroblock type other than 1 . This is illegal and probably indicates a 


0xB4 


ERR_D_MBEND 

During MPEG operation, within a DC only (D) picture, a macroblock was found 
with 0 in it's end of macroblock bit. This is illegal and probably indicates a 


0x85 


ERR_SVF_BACKUP 

During Mf^'EG operation, a slice has been encountered with a slice vertical 
position less 


0x86 


E R R_S V P_S K 1 P_R O WS 

During MPEG operation, a slice has been encountered with a slice vertical 
position greater than that expected. This is likely to indicate an error in the 


OxB7 


ERR_FST_MBA_BACKUP 

During MPEG operation, a macroblock has been encountered with a macro 
block address less than that expected. This is likely to indicate an error in the 



Table A. 14.1 2 Parser error codes (Sheet 4 of 5) 
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Parser_error_code(7:0) 


Description 


OxB8 


ERR_FST_MBA_SK1P 

During MPEG operation, a macroblock has been encountered v^ith a macro 
block address greater than that expected. This is likely to indicate an error in 


0xB9 


ERR_PI'::TURE_END_UNEXPECTED 

During MPEG operation, s PICTURE_END Token has been encountered in 
an unexpected place. This is likely to indicate an error in the coded data. 


OxEO . . . OxEF 


Errors reserved for internal test programs 




Mysteriously arrived in the test program. 


OxE1 


ERR NO PROGRAM 

If the test program is not compiled in 


0xE2 


ERR_TST_END 
End of Test 


OxFO...OxFF 


Reserved errors 


OxFO 


ERR_UCODE_ADDR 
fell off the end of the world 


OxF1 


ERR_NGT IMPLEMENTED 



Table A. 14.1 2 Parser error codes (Sheet 5 of 5) 



Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Name 


MPEG 


JPEG 


H.261 


ERR NO ERROR 






✓ 


ERR_EXTENSION_TOKEN 


✓ 






ERR_EXTENSION_DATA 








ERR_USER_TOKEN 


✓ 


✓ 




ERR_USER_DATA 


✓ 


y 




ERR_PSPARE 






✓ 


ERR_GSPARE 






✓ 


ERR_PTYPE 






✓ 


ERR_JPEG_FRAME 




y 




ERR JPEG FRAME LAST 








ERR_JPEG_SCAN 









Table A. 14.1 3 Parser error codes and the different standards 
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Token Name 


MPEG 


JPEG 


H.251 


tKK Jrco oUMiN OLJMr'. 








ERR DNL MARKER 




y 




ERR MPEG SEQUENCE 


✓ 






ERR EXTRA PICTURE 








ERR EXTRA SLICE 


✓ 






ERR VBV DELAY 








FRR <?HnRT TOKEN 




y 


y 


ERR H261 PIC END UNEXPECTED 






y 


FRR GM RAPKUP 






y 


FRR riN c;KIP HOR 






y 


FRR NRA^F TAB 




y 




FRR OUANT PRFCISION 




y 




FRR <^AMPL F PRFCISION 




y 




FRR NBASE SCAN 




y 




FRR UNFXPFCTFD DNI 




y 




FRR FOc; 1 INFXPFCTFfi 




y 




FRR RFC:TART *^KIP 




y 




PRR c;Kip INTRA 








FRR SKIP niNTRA 








FRR RAD MARKER 








FRR n MRTYPF 


✓ 






FRR D MRFND 


✓ 






ERR SVP BACKUP 








ERR SVP SKIP ROWS 


✓ 






ERR EST MBA BACKUP 


✓ 






ERR EST MBA SKIP 








ERR PICTURE END UNEXPECTED 








ERR_TST_PROGRAM 


✓ 


y 


✓ 


ERR_NO_PROGRAM 


✓ 


y 


y 


ERR_TST_END 


✓ 


y 




ERR_UCODE_ADDR 


✓ 


✓ 


✓ 


ERR_NOTJMPLEMENTED 




y 





Table A. 14.1 3 Parser error codes and the different standards (cont'd) 



• 
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A. 14 . I 



a.ceivin, B..r .nd Extension 4.t. 

.n .u« data. 'PPlicatxon ha. no i„.e„„ 

..1 Identifying tn. aourc. ot th. data 

.J:;s;;;;r.;:rdTcar;r""°^^ 
- xo.en at"::." , r;:: -^--^-oat* 

. sta.t r-oat".::;-, 

Token (see Table A ii • ^° generate the 

15 readino ^'''^ ^ " ' ' " ^ " ^^^^ ^alue can be read by 

read n, .o._revision register while servicing the 

Parser interrupt. The Video Demux wi 7 i ■ 
i .r.tten to parser event (see / ""^'^ 
Reading the ^at. "^n— pts-; . 

The EXTENSION DATA and USER DATA t«u 
'0 .a i„„ediat=:, ToUowed Tu^TroltZ " 
extension or user data Th carrying tfte 

Video Oe„ux .i "enarate^ItT' " " 
or an rR«.us.«_o.T. .arser "n:",''"-''"''""''-^"* 
DATA ToKen can be read by r.alLo tn " 
^ -MI. servicing th. interrupt ' ""-"vision register 

The state of the Video De„ux register con, 
determines behavior after t nt U cieared xf 



30 



register holds the value o tn " = 

DATA Xo.en .ill be consumed t^e'TidTo"'"' 
-.nts Will be generated. If the conti "° 
event .in be generated as each L. c, ," " " 

data arrives at the video Oe.ux. '"il' "r^"""" " ""^ 
OATA To.en is exhausted or continue llTTo' 



-J 



5 



10 



ru 2 0 



25 



30 
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NOT*r: 



DThe first byre of the extension/user data 
is always presented via the rom^revisi^ 
register regardless of the state of 
continue . 

2) There is no event indicating that the last 
byte of extension/user data has been 



read 

A. 14 . 7 



Receiving Extra Information 

H.261 and MPEG allow information extending the coding 
standard to be en,bedded within pictures and groups of 
blocks (H.261) or Slices („peg) . The mechanise is 
different from that used for extension and user data 
(described in Section A 14 e>\ m« * 
13 data anH A. 14. 6). No Start code precedes the 

data and, thus, xt cannot be deleted by the Start Code 
Detector. 

ERi.°cSPARE" — ts ERR_PSPA.E and 

ERi^.GSPARE xndxcate the detection of this information. The 
corresponding events during MPEG operation are 
ERR_EXTRA_PICTURE and ERR_EXTRA_SLICE 

When the Parser event is generated, the first byte of 
the extra information is presented through the register 
rom_revision. y-^ster. 

The ««e Of the video De^ux register, cohtinue 
determines behavior after the event is cleared. I, this 
register hoids the value 0, then any remaining extra 
information win be consumed by the video Demux and no 
events will be generated. If the continue is set to l, an 
event will be generated as each byte of extra informat on 
rr.ves at the video Demux. This continues until the extra 
«h«"sted or continue is set to 0. 

DThe first byte of the extension/user data is 
always presented via the rom_revision 
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*- * register regardless of the state of 
continue . 

2)There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14. 7.1 Generation of the FlELD_lNFO Token 

During MPEG operation, if the r'egister f.eld info xs set 
to 1, the first byte of any extra_inf ormat ion_picture is 
placed in the FIELD_INFO Token. This behavior is not 
covered by the standardization activities ofMPEG. Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to i, no Parser event will be 

generated for the first byte of extra_inf ormat ion picture 

However, events win be generated for any subsequent bytes 

Of extra_information_picture. If there is only a single 

byte of extra_infornation_picture, no Parser event will 
occur . 

A. 14. 8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
Characteristic of the video about to be decoded: 
horizontal and vertical size 
• pixel aspect ratio 
picture rate 
•coded data rate 

video buffer verifier buffer size 
If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A. 14.8.1 Change in picture si2e 

If the picture size has changed, the user's software 
Should read the values in horiz_pels 'and vert_pels and 
compute new values to be loaded into the registers 
horiz_r,acroblocks and vert_macroblocks . 
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10 



30 



SECTFON A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 

There are three main units responsible for spatial 
decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients 
At the output (Of the inverse DCT) DATA Tokens contain 8x8 
blocks of pixel information. 
A. 15.1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
Of zeros between the coefficients that are represented. 
The inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coef f icients . 

The inverse modelling process is the same regardless of 
the coding standard currently being used. No configuration 
IS required. 

For a better understanding of the modelling and inverse 
nodelling function all requirements the reader can examine 
any of the picture coding standards. 
A. 15.2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients 
In a decoder, the function of the inverse quantizer is to 
multiply up these quantized DCT coefficients to restore 
therr, to an approximation of their original values. 
A. IS. 2.1 overview of the standard quantization schemes 
There are significant differences in the quantization 



20 



25 
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scheme* ,sed by each of the different coding standards to 
obtaxn a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 

The register iq_coding_standard configures the ooeration 
Of the inverse quantizer to meet the requirements of the 
different standards. m normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token, see section A.21.1 for more information about coding 
Standard conf igurat ion . 

The main difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below 
There are also detail differences in the arithmetic 
operations required (rounding etc.), which are not 
described here. 

A. IS. 2. 1.1 H. 261 \Q overview 

In H.261, a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 
periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. 15. 2 > 1.2 JPEG lo overviav 

Baseline JPEG allows for a picture that contains up to 4 
different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
contained in the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A.IS.2. 1.3 MPEG lo overview 

MPEG uses both H 2S1 anH iz>rn _ 

H.^bi and JPEG quantization techniques. 

Like JPEG, 4 quantization tables, each <^ii-K c., ^ ■ 

=>, eacn with 64 entries, can 
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be used. However, use of the tables is quite different. 

Two "types" of data are considered: intra and non-intra. A 
different table is used for each data type. Two "default" tables are 
5 defined by MPEG. One is for use with intra data and the other 
with non-intra data (see Table A. 15.2 and Table A. 15.3). These 
default tables must be written into the quantization table memory 
of the Spatial Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables. 
10 One is for use with intra data and the other with non-intra data. 
The values for these tables are contained in the MPEG data 
stream and will be loaded into the quantization table memory 
automatically. 

The value output from the tables is modified by a scale 

1 5 factor. 



A. 15. 2. 2 Inverse quantizer registers 



Register Name 


Size/Dir. 


Reset State 


Description 


iq_access 


1 


0 


This access bit stops the operation of the 
inverse Quantiser so that its various 


iq_coding_standard 


2 


0 


This register configures the coding standard 




rw 




used by the inverse quantiser. The register 






can be loaded directly or by a 


icLkeyhole_address 


8 


X 


Keyhole access to which holds the 4 
quantiser tables. SeeA.6.4.3 for more 


icLkeyhole_data 


8 


X 


information about accessing registers 
through a keyhole. 



Table A.15.1 Inverse quantizer registers 
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10 



15 



20 



In the^present invention, the iq_access register must be 
set before the quantization table memory can be accessed 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to o. 
A. 15.2.3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the CODING_STANDARD Token. 

For H.261 operation, the quantizer tables are not used 
NO special configuration is required. For JPEG operation 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations OxOO to Ox3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq keyhole_data ) 
S^n^ilaply, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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1 
2 
3 

4 

s 

6 

7 

8 

9 
10 
11 
12 
13 

14 
15 



16 

16 

19 

16 

19 

22 

22 

22 

22 

22 

22 

26 

24 

26 

27 



17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



27 
27 
25 
26 
25 
26 
27 
27 
27 
29 
29 
29 
34 
34 
34 

29 



32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 



29 
29 
27 
27 
29 
29 
32 
32 
34 
34 
37 
38 
37 
35 
35 
34 



48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

56 

59 

60 

61 

62 

63 



35 
38 
38 

40 

4C 

40 

46 

48 

46 

46 

56. 

56 

58 
69 
69 
83 



Table A. 15.2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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/■ 




/ 




i 




i 


Wi.i 


n 


Ifi 


1R 


1R 




1fi 


aft 


lfi 


1 


16 


17 


16 


33 


16 


49 


16 


2 


16 


18 


16 


34 


16 


50 


16 


3 


16 


19 


16 


35 


16 


51 


16 


4 


16 


20 


16 


36 


16 


52 


16 


5 


16 


21 


16 


37 


16 


53 


16 


6 


16 


22 


16 


38 


16 


54 


16 


7 


16 


23 


16 


39 


16 


55 


16 


8 


16 


24 


16 


40 


16 


56 


16 


9 


16 


25 


16 


41 


16 


57 


16 


10 


16 


26 


16 


42 


16 


58 


16 


11 


16 


27 


16 


43 


16 


59 


16 


12 


16 


28 


16 


44 


16 


60 


16 


13 


16 


29 


16 


45 


16 


61 


16 


14 


16 


30 


16 


46 


16 


62 


16 


15 


16 


31 


16 


47 


16 


63 


16 



Table A.15,3 Default MPEG table for non-intra coded blocks 

A. 15.2.4 configuring tables from Tokens 

5 As an alternative to configuring the inverse quantizer 

tables via the MPI. they can be initialized by Tokens. These 
Tokens can be supplied via either the coded data port or the MPI. 

The QUANT_TABLE Token is described in Table A.3.2. It 
has a two bit field tt which specifies which of the 4 (0 to 3) table 
10 locations is defined by the Token. For MPEG operation, the 
default definitions of tables 0 and 1 need to be loaded. 

A.15.2.5 quantization table values 

For both JPEG and MPEG, the quantization table entries 
are 8 bit numbers. The values 255 to 1 are legal. The value 0 is 
15 illegal. 

A.I 5.2.6 Number ordering of quantization tables 
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Th^«„ti„tion taMe values are usad in ■■ric.-za," scan 
order ,sa. t.. codin, standards,. The caMes sh=uld\e 
Viewed as a one dimensional arrav of 

a 3x8 arr-^v.^ ^ ^ values (rather than 

a 3X8 array) . The table entries at lower addresses 
correspond to the lower frequency DCT coefficients. 
When quantization table values are carried by a 

rt'hVL'bl -ter the ToLn header 

IS the table entry for the "DC" coefficient. 
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A.1 5.2.7 Inverse quantizer test registers 





Register Name 


Size/Dir. 


Reset State 


Description 




iq_quant_scale 


5 

rw 




This register holds the current value of the quantisation scale 
not used during JPEG operation 




iq_component 


2 




This register holds the two bit component ID taken from the 
most recent DATA token head. This value is involved in the 






rw 




selection of the quantiser table. 


-a 








The register will also hold the table ID after a 


o 








QUANT_TABLE Token arrives to load the table. 


i:ri 

ru 


icLJ)rediction_mode 


2 




This holds the two LSBs of the most recent 


S » 




rw 




PREDICTION^MODE Token. 


1^ 

ly 


iqjpegjndirection 


8 

rw 




This register relates the two bit component ID number of a 
DATA Token to the table number of the quantisation table 
that should be used. Bits 1:0 specify the table number that 
will be sued with component 0 Bits 3:2 specify the table 
number that will be sued with component 1 

Bits 5:4 specify the table number that \vill be sued with 
component 2 Bits 7:6 specify the table number that will be 
sued with component 3. This register is loaded by 
JPEG_TABLE_SELECT Tokens. 






8 

rw 


0 


1 nis iwo Dit regisier recoras wnemer lo use ueTauii or oown 
loaded quantisation tables with the intra and non-intra data. 

A 0 in the bit position indicates that the default table should 
be used. A.1 indicates that a down loaded table should be 
used. Bit 0 refers to intra data. Bit 1 refers to non-intra data. 
This register is normally loaded by the Token 
MPEG_TABLE_SELECT. 



Table A.1 5.4 Inverse quantizer test registers 
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A.15.3 Inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
5 recommendation H.261, the IEEE specification P1180 and 
complies with the requirements described in current draft revision 
of MPEG. 

The inverse discrete cosine transform process is the same 
regardless of which coding standard is used. No. configuration by 
10 the user is required. 



There are two events associated with the inverse discrete 
transform processor. 



Register name 




Size/Dir. 




t State 




Description 








Resei 






idct_too_few_event 


1 




0 


The Inverse OCT requires that all DATA Tokens 








contain exactly 64 values. If less than 64 values 


idct_too_few_mask 


1 




0 


are found then the too-few event will be generated. 
If the mask register is set to 1 then an interrupt can 




rw 




be generated and the Inverse DCT will halt. This 


idct_too_nnany_event 


1 




0 


The Inverse DCT requires that all DATA Tokens 




rw 




contain exactly 64 values. If more than 64 values 
are found then the too-many event will be 
generated. If the mask register is set to 1 then an 


idct_too_many_mask 


1 




0 




rw 




interrupt can be generated and the Inverse DCT will 










halt. This event should should only occur following 










an error in the coded data. 



Table A.15.5 Inverse DCT event registers 



For a better understanding of the DCT and inverse DCT 
15 function the reader can examine any of the picture coding 
standards. 
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SECTPQN A. 16 Connecting to the output of Spatial 
Decoder 

The Tokens present at interface. 
■ ^ output will depend on the 

coding standard employed bv w^v , 

f wjrcu. oy v/ay of example, this siar-t- , 
of the disclosure looks ai- section 
D^roH.. K °^ Spatial 

Decoder .hen configured for Jpec operation. This section 

.o descri.es the Token sequence observed at the outp t of 
the Temporal Decoder during ^pec operation as the Temporal 
Decoder doesn't modify the Tokon « temporal 
decoding JPEG. sequence that results from 

However, MPEG and H.261 .oth reguire the use of the 

Temporal Decoder. See section A 19 fo^ i ^ 

^. «<=tion A. 19 for information about 

connecting to the out^>lI^ «^ *w ^ ^^^wui. 
r-r.r,^- output of the Temporal Decoder when 

configured for MPEG and H.261 operation 

Furthermore, this section identifies which of the Tokens 

^J::T'' " — ^ and 

that oT designing circuits to display 

that output. other Tokens win be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 

How the start and end of sequences can 
be identified. 
■ How the start and end of pictures can be 
identified . 

■How to identify when to display the picture 
•HOW to identify where in the display the 
picture data should be placed. 



i 1 3 



ry 



10 
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A.lC.l •truetur« of JVMQ pictures 

This section providM an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

JPEG provides a variety of mechanisms for encoding 
individual pictures, JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 
invention, supports JPEG's baseline seguential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 256 
different image (color) components. These image components 
15 can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 ••Overview of JPEG baseline sequential 
structure") . 

If a scan contains a single image component, it is non- 
20 interleaved, if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 2 56 
limit on the number of image components that a frame can 
2 5 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. in a non-interleaved scan, the 
30 MCU is a single 6x8 block. Again, these are raster 
organized . 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 



decoded. However, some reconfiguration between scans na 
be required to accomaodate the next set of components to 
decoded . 

A.1C.2 Token sequeaee 

The JPEG markers codes are converted to an analogous 
MPEG named Token by the Start Code Detector (see Table 
A. 11.4, see Fig. 82 "Tokenized JPEG picture"). 
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SECTieiV A. 17 Temporal Decoder . 

• 30 MH, operation 

•Provides temporal decoding for MPEG & H.261 video decoders 
H.261 CIF and QCIF formats 

MPEG video resolutions up to 704x480, 30 Hz. 4:2:0 
Flexible chroma sampling formats 
Can re-order the MPEG picture sequence 
Glue-less DRAM interface 
Single +5V supply 
208 pin PQFP package 
Max. power dissipation 2 . 5W 
Uses standard page mode DRAM 
The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g.. 512 k X 8) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
k X 16) the 704 X 480, 30H2, 4:2:0 MPEG video can be 
decoded. 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG,. if included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 
pictures through to its output. 

Note: The above values are merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. it win be 
appreciated that other values and ranges may also be used 
without departing from, the invention. 
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A. 17.1 Temporal Decoder Signals 



Signal Name 


I/O 


Pin Number 


Description 


in_data(8:01 




173, 172. 171. 169. 168. 167. 166. 164. 163 


Input Pori. This is a standard two wire 


in_extn 




174 


interfa(*e normally connected to the 
Output Port of the Spatial Deccider. 


in_valid 




162 


See sections A. 4 and A. 181 


in_accept 


o 


161 




enable [10] 




126. 127 


Micro Processor Interface (MPI) 
See A. (5.1 . on page 69 


r\v 




125 


addr[7:0] 




137, 136. 135. 133. 132. 131. 130. 128 


data(7:0] 


o 


152, 151, 149. 147. 145. 143. 141, 140 


irq 


0 


164 


DRAM_data[31:0) 


I/O 


15. 17, 19, 20. 22. 25. 27. 30. 31. 33. 35, 
38. 39. 42. 44, 47. 49, 57. 59, 61, 63. 66 
68, 70. 72. 74, 76. 79, 81, 83, 84. 85 


DRAM Interface. 
See section A. 5. 2 


DRAM_addr(10:0) 


o 


184. 186. 188. 189. 192. 193. 195. 197. 
1 99. 200, 203 


RAS 


0 


1 1 


CAS f3:01 


0 


? 4 fi ft 

aL, *t. U. O 




o 


12 


OF. 


o 


204 


DRAM_enable 


1 


112 


out_data[7:0) 


0 


89. 90. 92. 93. 94. 95, 97. 98 


Output Port, this is a standard two 
wire interface. 

See sections A. 4 


out_extn 


o 


87 


out_valid 


o 


99 


out_accept 


1 


100 


tck 


1 


115 


JTAG pcirt. 
See seciion A. 8 


tdi 


1 


116 


tdo 


o 


120 


tms 


1 


117 


trst 


1 


121 


decoder clock 


1 


177 


The main decoder clock. See Tnble 


. reset 


1 


160 


Reset. 



Table A. 17.1 Temporal Decoder signals (contd) 
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Signal Name 


I/O 


Pin Num. 


Description 


tphOish 


1 


122 


If override = 1 then tphOish and tphlish are inputs for 
the on-chip two phase clock. 

For normal operation set override = 0, tphOish and 
tphlish are ignored (so connect to GND or VDD). 


tphlish 


1 


123 


override 


1 


110 


chiptest 


1 


111 


Set chiptest = 0 for normal operation. 


tloop 


•i 
1 




Connect to GND or VDD during normal operation. 


ramtest 


1 


109 


If ramtest = 1 test of the on-ciiip RAMs is enabled. 
Set ramtest = 0 for normal operation. 


pHselect 


1 


178 


If pllselect = 0 the on-chip phase locked loops are 
disabled. 


ti 


1 


180 


Two clocks required by the DRAM interface during 
test operation. 


tq 


1 


179 


pdout 


O 


207 


These two pins are connections for an external filter 
for the phase lock loop. 


Pdin 


1 


206 



Table A. 17.2 Temporal Decoder Test signals 



Signal Name 


Pin 


Signal Name 


Pin 


Signal Name 


Pin 


Signal Name 


Pin 


no 


208 


nc 


156 


nc 


104 


nc 


52 


test pin 


207 


nc 


155 


nc 


103 


nc 


51 


test pin 


206 


irq 


154 


nc 


102 


nc 


50 


GND 


205 


nc 


153 


VDD 


101 


DRAM„data(15l 


49 


OE 


204 


data[7] 


152 


out_acc,ept 


100 


nc 


40 


DRAM_,addr[01 


203 


data[6] 


151 


out_valid 


99 


DRAM_data(16) 


47 


VDD 


202 


nc 


150 


out_data[0] 


98 


nc 


46 


no 


201 


data[5] 


149 


out_data[1) 


97 


GND 


45 


DRAM_addr[1] 


200 


nc 


148 


GND 


96 


DRAM_data[17l 


44 


DRAM_addr[2] 


199 


data[4] 


147 


out_data[2] 


95 


nc 


43 


GND 


198 


GND 


146 


out_data[3] 


04 


DRAM_data(18l 


42 


DRAM_addr[3] 


197 


data[3] 


145 


out_data[4] 


93 


VDD 


41 


nc 


196 


nc 


144 


out_data[5] 


92 


nc 


40 
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192 


d«ti(0) 




191 


1 nc 


1 GNO 


190 


VOO 


1^ 


169 




j ORAM_4dc3rf81 


tea 


1 ae3(3r(6j 


! VOO 

1 


187 


«ccr(51 


0RAM.tcdf(9I 


186 


GNO 


nc 


185 


addr(4} 


ORAw_aadr(ioi 


184 


addr(3) 


nc 


163 
182 


4ddr[2) 
addrftj 


VOO 


181 


VOO 


tut Din 


160 


addrtOj 



test pin 



179 



(est c>n 



tneott(O) 



178 eneoiefi 




in_3at»(8] 




21 



A.M,cata(23; 20 



:nA\i^cata(29| ^9 



•n.satan 



in.dau(6) 



171 



GNO 



18 



120 



DRAW.dtta(9I 68 



Cr^Aw^aau{30 



17 



119 



16 



vco 



170 



169 



•n_cjlj(4I 



168 



nc 



VOO 



118 



DflAM^cattjiO] 56 



I CaA.M_cataf3:i 15 



vro 



1 4 



117 



VOO 



65 



Id) 



116 



I 'n,cau(3) 



167 



115 



OflAw_aaLa(it| 63 




— ~- . ' ^_ vco 

Table A.17.3 Temporal Decoder Pin Assignments (contd") 
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10 



15 



S'gna/ Nam^ 



res«i 



Pm 



160 



Pin 



108 



voo 



voo 



159 



107 



158 



106 




nc 



157 



105 



fi3 



(1C 



Table A. 17. 3 Tempor.l Decoder Pin 
Assigiunenta (contd) 

A. 17. 1.1 ..nc" no connect pins 

The pins labelled nc in Table A. 17.3 are net currently 
used .n tne present invention and are reserved .or .uture 
products. These Pins Should be left unconnected. The/ 
Should not be connected to V,,, CND, each other or any 
Other signal. ^ 
A. 17 . 1 . 2 



and GWD pins 



nu.?H •PP"-«'=i"ed ,il the v„„ a„d o„o pins provided 

nust be connected to the appropriate po-er supply, xhe 
.ev.ce w.u not operate correctl, uniees an the v„/and 
GND pins are correctly used. 

A. 17. 1.3 T.St pin connection, for normal operation 

Nine pins on the Temporal Decoder are reserved for 
internal test use. 



Pin numbur 


Conntcoon j 




connect (0 GND for normal oomruo^ 1 




Connect to /or nprm^i oocraoon | 
l-t«vt Oo#n Cifcuil for nomxzi ootraoon | 


Table A. 17. 4 Default 


test pin connections 
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A.17.i->4* JTAG pins for normal operation 

See Section A. 8 . l . 





Regmtf Name 




OiOO 


OxOl 


! inttrruoi servtce trea i 


Airs j 


0r02 


-. 0i07 


Not t;»t*<3 1 , 


0x06 




A. 17.7 j 


Cx09 . 


. OtOf j 


Noi ua« 1 


i 


0x10 1 


Picturfi sequencing j 


A. -.7:3 


Oxn 


. OxlP 


Noiuaeo 1 


i 

i 


0x20 


. 0X2E 1 


OftAv .nterace ccnfiguraiion re^isiers j 


A. : 7 ? 


0x2F 


. OrOP 1 


Nor LTSmJ j 




0x40 


. 0x53 


Buffer ronftguration ; 




OxSh* 


0x5F 1 


Noi us*d j 




0x50 


OxFP 1 


Test fegiiters \ a \ 7 \ i 



e A. 17. 5 Overvi.w of Temporal Decoder 
memory map 



Adcr. 








(hex) 


num. 


Regtstef Nem« 


?a?e fe'erences 

i 


0x00 


7 


chip.event , 




6:2 


notus«d 1 1 




1 


cftio.«topDed,event | 




0 


count.trror.eveni | | 


0x0 1 






1 




" 1 


not used , 






1 1 cnto.sioppeo.meek | 




» 1 


count^ctTor_mat»( | 




.a^.e A. 17, 6 iCnterrupt service area 


recjis ters 
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I |no,us# <a 



Table A. 17.7 Chip .cc.ss register 





Sir 

num. 




Ox 10 1 










MPEC.reorotfing 







^«9e references 



•-iciiure S0quenc:i 



ng 













ACCt. 


Sii 










num. 


fle^tstif Nam* 




! 

1 ''a;e 'titter.ces 


Cx20 


7:S 


1 not used 




1 




4:0 


P4gt„»unj«ngih(4:0] 




i 


0x2 1 


7:4 


rtot us«d " " j ^ " 




1 2:0 


j fMd.cyci«.»«ngtft(3:0] 






0x22 


7:4 


noc ussd j ' 

' ' t 




3:0 


•«^t«-CYCi«.»«ngift(3:0) | , 


Cx23 


7:4 


not us«d 








3:0 








0x24 


7:4 


nor uMd j 




3:0 


CAS.f«lling(3:01 






0x25 


7:4 


not UMd 1 — : 




3:0 


«AS.falling(3:0J j •— j 


0x26 


7:1 


not uMd j ■ ; 




0 


initrfae«_Umjng_«ec«ss 






0x27 j 


7.-0 


not us«d 1 1 


0x28 


7:6 


RAS_ttr»n9m{2:0) | j 




5:3 


OCWe.ttr«fi9m(3:0J | 




2:0 


OR4M.datj.tu«ngm(3:0J j ; 


0x29 


7 


not uMd 








6:4 


OR*kM.addf.ttr«ngtn(3:0| i 




3M 1 


C4 H.str»flgm(3:0| 






1 ° 


AAS.ttr«ngtn(3| 







Table A. 17 . 9 



DRAM interfiica 



configuration 



registers 
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Addr 
(hex) 


Bit 
num. 


Register Name 


Page 
references 


0x28 


7 


not used 




6:4 


DRAM_addr_strength[3:0] 




3:1 


CAS_strength[3:01 




0 


RAS_strength[3] 




0x29 


/ .tD 


KAo_suengin[z.uj 




5:3 


OEWE_strength(3:0) 




2:0 


DRAM„data_strength[3:01 




. OyS>A 


70 


refresh interval 




0x2 B 


7:0 


not used 




0x2C 


7:6 


not used 






5 


DRAM enable 




4 


no_refresh 




3:2 


row_address_bits[1 :0] 




1:0 


DRAM.„data_widlh[ 1 :0] 




0x2D 


7:0 


not use:i 




0x2E 


7:0 


Test reciisters 





Table A. 17.9 ORiVM interface configuration registers (contd) 



Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x40 


7:0 


not used 




0x41 


7:2 








1:0 


picture buffer 0[17:0] 




0x42 


7:0 




0x43 


7:0 






0x44 


7:0 


not used 




0x45 


7:2 








1:0 


picture_buffer_1[17:0] 




0x46 


7:0 






0x47 


7:0 







Table A. 17. 10 Buffer configuration registers 




346 



Addr. 
(hex) 


Bit 
num. 


Register Name 




0x48 


7:0 


not used 




0x49 


7:1 




component_offset_0[ 16:01 




0x4A 


7:0 


0x4B 


7:0 


Ox4C 


7:0 


not used 




0x4 D 


7:1 


0 


component_offset_1 [1 6:0) 




Ox4E 


7:0 


0x4 F 


7:0 


0x50 


7:0 


not used 




0x51 


7:1 


0 


component_offset_2[1 6:0) 




0x52 


7:0 


0x53 


7:0 


Table A.17.10 Buffer configuration registers (contd) 


Addr. 
(hex) 


Bit 
num. 


Register Name 


Page references 


Ox2E 


7 ... 4 
3 0 


PLI. resistors 




0x60 


7 ... 6 


not used 




5... 4 


coding„standard[1:01 




3... 2 


picture..;ypell:0] 




1 


H261Jilt 




0 


H261_s._f 




0x61 


7 ... 6 


componentjd 




5... 4 


prediction^mode 




3... 0 


max_sampling 




0x62 


7 ... 0 


samp_h 




0x63 


7 ... 0 


samp_v 





Tahle A. 17. 11 Test registers 
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Addr. 


Bit 




Page referencei*. 


(hex) 


num. 






0x64 


7 ... 0 


back_h 




0x65 


7 ... 0 






0x66 


7 ...0 


back_v 




0x67 


7 ... 0 






0x68 


7 ... 0 


forw_,h 




0x69 


7 ...0 






Ox6A 


7 ... 0 


forw_v 




0x6B 


7 ...0 






0x6C 


7 ...0 


widthjn.rnb 




0x6D 


7 ... 0 







Table aV17.11 Test registers (contd) 
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SECTION A.18 Temporal Decoder Operation 
A.lt.l Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit vide data words. In most 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A. 4 for 
nore information about the electrical behavior of this 
interface. 

A. It .2 Automatic coaf iguratioa 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder, 



TokM 


Conf i^uratioo p^rform^d 


COO Z NO^STAITDAJU) 


Th* coding •t«nd«rd of the Temporal 
Ottcod«r is •utooiat icalXy configured by th« 
CODZMO^STAJfDAai) Token. This is g«n«ratsd 
by the Spetisl Decoder each time a new 
sequence is started. See Figure 58 


DEr IKE. SAMPtHI? 


The horizontal and vertical chroma 
sampling information for each of the color 
components is automatically configured by 
DErZNE_SAMPI.ZNO Tokens. 


BOR2SOMTAI._KBS 




The horizontal width of pictures in macro 
blocks is automatically configured by 
B0RIIONTAL_MB8 Token. 



Table A. 18.1 Configuration of Temporal 
Decoder via Tokens 
A. 18 .3 Manual configuration 

The user must configure (via the microprocessor 
interface) application dependent factors. 
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A.l8.>^« When to configure 

The Temporal Decoder should only be configured when no 
data processing is taK.ng place. This .s the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing i to the 
chip.access register. After configuration is complete, o 
should be written to chip_access. 

see section A. 5. 3 for details of when to configure the 
DRAM interface. 



10 A. 18. 3. 2 DRAM interface 

The DRAM interface timing must be configured before it 
xs possible to decode predictively coded video (e.g., H 261 
or MPEG). see Section A. 5, "DRAM Interface" 
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Register Name 




1 Size/Dir. 1 




1 Reset Slate 1 


Description 


chip.access 


1 


1 


Writing 1 to chip_access requests that the Temporal Decoder halt operation to 
allow re-configuration. The Temporal Decoder will continue operating nonnally 
until it reaches the end of the current video sequence. After reset is removed 
chip_access=l i.e. the Temporal Decoder is halted. 

When the chip stops a chip stopped event will occur. If chip_stopped_mask = 1 
an interrupt will be generated. 


chip_stopped_event 


1 


0 


chip_stopped_mask 


1 


0 


count_error_event 


1 

rw 


0 


The Temporal Decoder has an adder that adds predictions to error data. If there 

is a difference between the number of error data bytes and the number of 

prediction data bytes then a count error event is generated. 

If count_error_mask = 1 an interrupt will be generated and prediction forming will 

stop. 

This event should only arise following a hardware error. 


count_error_mask 


1 

rw 




p(cture_buffer_0 


18 


X 


These specify the base addresses for the picture buffers. 


picture_buffer_1 


18 


X 


component_offset_0 


17 


X 


These specify the offset from the picture buffer pointer at which each of the 
colour components is stored. Data with component ID = n is stored starting at 
the position indicated by component_offset_n. See A.3.5.1. "Component 
Identification number". 


component_offset_1 


17 
rw 


X 


component_offset_2 


17 


X 


MPEG_recording 


1 

rw 


0 


Setting this register to 1 makes the Temporal Decoder change the picture order 
from the non-causal MPEG picture sequence to the correct display order by the. 
See A. 18.3.5 . This register should is ignored during JPEG and H.261 operation. 



Table A.18.2 Temporal Decoder registers 



-'J 
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A.1 8.3.3 Numbers in picture buffer registers 

The picture buffer pointers (18 bit) and the connponent offset 
(17 bit) registers specify a block (8x8 bytes) address, not a byte 
address. 

5 A.18.3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or MPEG) 
the Temporal Decoder must manage two picture buffers. See 
Section A. 18.4 and A. 18.4.4 for more information about how these 
buffers are used. 

10 The user must ensure that there is sufficient memory above 

^.j each of the picture buffer pointers (picture_buffer_0 and 

^ picture_buffer_1) to store a single picture of the required video 

•::i=? 

In format (without overlapping with the other picture buffer). 

Normally, one of the picture buffer pointers will be set to 0 (i.e., the 
15 bottom of memory) and the other will be set to point to the middle 
of the memory space. 

A.1 8,3.4.1 Normal configuration for MPEG or H,261 

H.261 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e., there are 4 times as many 
20 luminance pels as there are pels in either of the chrominance 
components). 

As documented in Section A.3.5.1, "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 
25 An example configuration of the component offset registers 

is to set component_offset_0 to 0 so that component 0 starts at the 
picture buffer pointer. Similarly, component_offset_1 could be set 
to 4/6 of the picture buffer size and component_offset_2 could be 
set to 5/6 of the picture buffer size. 
30 A.18.3.5 Picture sequence re-ordering 

MPEG uses three different picture types: Intra (I), 



o 

III 
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Predicted (P) and Bidirectionally interpolated (B). B pictures are 
based on predictions from two pictures: one from the future and 
one from the past. The picture order is modified at the encoder so 
that I and P picture can be decoded from the coded date before 
they are required to decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can provide this 
picture re-ordering (by setting register MPEG_reordering = 1). 
Alternatively, the user may wish to implement the picture re- 
ordering as part of his display interface function. Configuring the 
Temporal Decoder to provide picture re-ordering may reduce the 
video resolution that can be decoded, see Section A. 18.5. 
A.18.4 Prediction forming 

The prediction forming requirements of H.261 decoding and 
MPEG decoding are quite different. The CODING_STANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 
standards. 

A.1 8.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A.1 8.4.2 H.261 Operation 

In H.261, predictions are only from the picture just decoded. 
Motion vectors are only specified to integer pixel accuracy. The 
encoder can specify that a low pass filter be applied to the result of 
any prediction. 

As each picture is decoded, it is written in to a picture buffer 
in the off-chip DRAM so that it can be used in decoding the next 
picture. Decoded pictures appear at the output of the Temporal 
Decoder as they are written into the off-chip DRAM. 

For full details of prediction, and the arithmetic 



m 
ru 
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operations involved, the reader is directed to the H.261 standard. The Temporal 
Decoder of the present invention is fully compliant with the requirements of H.261. 

A. 18.4.3 MPEG Operation (without re-ordering) 

5 The operation of the Temporal Decoder changes for each of the three different 

MPEG picture types (I. P and B). 

"1" pictures require no further decoding by the Temporal Decoder, but must be 
stored in a picture buffer (frame store) for later use in decoding P and B pictures. 

Decoding P pictures requires forming predictions from a previously decoded P or 
10 I picture. The decoded P picture is stored in a picture buffer for use in decoding P and 
B pictures. MPEG allows motion vectors specified to half pixel accuracy. On-chip filters 
provide interpolation to support this half pixel accuracy. 

B pictures can require predictions from both of the picture buffers. As with P 
pictures, half pixel motion vector resolution accuracy requires on chip interpolation of the 
15 picture information. B pictures are not stored in the off-chip buffers. They are merely 
transient. 

All pictures appear at the output port of the Temporal Decoder as they are 
decoded. So. the picture sequence will be the same as that in the coded MPEG data 
(see the upper part of Figure 85). 

20 For full details of prediction, and the arithmetic operations involved, the reader is 

directed to the proposed MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 

A.1 8.4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re-ordering 
25 (MPEG^reordering = 1), the prediction forming operations are as described above in 
Section A. 18.4.3. However, additional data transfers are performed to re-order the 
picture sequence. 



L 
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B picture decoding is as described in section A. 18.4.3. However, I and P 
pictures are not output as they are decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only when a subsequent I or P 
picture arrives for decoding. 

A.I 8.4.4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the subsequent P (or I) picture 
starts to decode. This should be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

A.1 8.4.4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I pictures to flush previous 
pictures out of its off-chip buffers (frame stores). This has consequences at the end of 
video sequences and when starting new video sequences. The Spatial Decoder 
provides facilities to create a "fake" l/P picture at the end of a video sequence to flush 
out the last P (or I) picture. However, this "fake" picture will be flushed out when a 
subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this "fake" picture. This 
may be useful where it is known that a new video sequence will be supplied to the 
decoder immediately after an old sequence is finished. The first picture in this new 
sequence will flush out the last picture of the previous sequence. 

A. 18.5 Video resolution 

The video resolution that the Temporal Decoder can support when decoding 
MPEG is limited by the memory bandwidth of its DRAM interface. For MPEG, two 
cases need to be considered: with and without MPEG picture re-ordering. 

Sections A. 18.5.2 and A. 18.5.3 discuss the worst case requirements required by 
the current draft of the MPEG specification. Subsets of MPEG can be envisioned that 
have 
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lower memory bandwidth requirements. For example, using only integer resolution 
motion vectors or, alternatively, not using B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed here. 

5 A. 18. 5.1 Characteristics of DRAM interface 

The number of cycles taken to transfer data across the DRAM interface depends 
on a number of factors: 

• The timing configuration of the DRAM interface to suite the DRAM employed 

• The data bus width (8, 16 or 32 bits) 
0 • The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

See section A.5, "DRAM Interface", for more information about the detail 
5 configuration of the DRAM interface. 



Table A. 18.3 shows how many DRAM interface "cycles" are required for each type 
of data transfer. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


1 page address + 64 
transfers 


4 page address + 81 
transfers 


4 page address + 64 transfers 


16 


1 page address + 32 
transfers 


4 page address + 45 
transfers 


4 page address + 40 transfers 


32 


1 page address + 16 
transfers 


4 page address + 27 
transfers 


4 page address +24 transfers 



Table A. 18.3 Data transfer times for Temporal Decoder 
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Table A. 18.4 takes the figures in Table A. 18.3 and evaluates them for a "typicar 
DRAM. In this example, a 27 MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The access start takes 1 1 ticks 
(102ns) and the data transfer takes 6 ticks (56 ns). 

A.18.5.2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B pictures. In a "worst 
case" scenario, the B frame may be formed from predictions from both the picture 
buffers with all predictions being to half pixel accuracy. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


3657 ns 


4907 ns 


3963 ns 


16 


1880 ns 


2907 ns 


2185 ns 


32 


991 ns 


1907 ns 


1741 ns 



Table A.18.4 Illustration with "typical" DRAM 



Using the example figures from Table A.18.4, it can be seen that it will take the 
DRAM interface 3815 ns to read the data required for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution that the Temporal Decoder can 
support is determined by the number of these predictions that can be performed within 
one picture time. In this example, the Temporal Decoder can process 8737 8x8 blocks 
in a single 33 ms picture period (e.g., for 30 Hz video). 
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If the required video format is 704 x 480, then each picture contains 7920 8 x8 
blocks (taking into consideration the 4:2:0 chroma sampling). It can be seen that this 
video format consumes approx. 91% of the available DRAM interface bandwidth (before 
any other factors such as DRAM refresh are taken into consideration). Accordingly, the 
Temporal Decoder can support this video format. 

A. 18.5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case scenario is 
encountered while P pictures are being decoded. During this time, there are 3 loads on 
the DRAM interface: 

• form predictions 

• write back the result 

• read out the previous P or I picture 

Using the example figures from Table A. 18.3, we can find the time it takes for 
each of these tasks when a 32 bit wide interface is available. Forming the prediction 
takes 1907 ns/n while the read and the write each take 991 ns, a total of 3889 ns. This 
permits the Temporal Decoder to process 8485 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 480 video will use approximately 93% of the available 
memory bandwidth (ignoring refresh). 

A.18.5.4 H.261 

H.261 only supports two picture formats GIF (352 x 288) and QCIF (172 x 144) 
at picture rates up to 30 Hz. A GIF picture contains 2376 8 x 8 blocks. The only 
memory operations required are the writing of 8 x 8 blocks and the forming of 
predictions with integer accuracy motion vectors. 

Using the example figures from Table A. 18.4 for an 8 bit wide memory interface, 
it can be seen that writing each block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n. a total of 7620 ns per 
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block. Therefore, the processing time for a single CIF picture is about 18 ms. 
connfortably less than the 33 ms required to support 30 Hz video. 

A.18.5.5 JPEG 

The resolution of JPEG "video" that can be supported will be determined by the 
capabilities of the Spatial Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 

A.18.6 Events and Errors 

A.18.6.1 Chip Stopped 

In the present invention, writing 1 to chip_access requests that the Temporal 
Decoder halt operation to allow re-configuration. Once received, the Temporal Decoder 
will continue operating normally until it reaches the end of the current video sequence. 
Thereafter, the Temporal Decoder is halted. 

When the chip halts, a chip stopped event will occur. If chip_stopped_mask=1, 
an interrupt will be generated. 

A.18.6. 2 Count Error 

The Temporal Decoder, of the present invention, contains an adder that adds 
predictions to error data. If there is a difference between the number of error data bytes 
and the number of prediction data bytes, then a count error event is generated. 

If count_error_mask = 1 an interrupt will be generated and forming prediction will 

stop. 

Writing 1 to count_error_event clears the event and allows the Temporal 
Decoder to proceed. The DATA Token that caused the error will then proceed. 
However, the DATA Token that caused the error will not be of the correct length (64 
bytes). This is likely to cause further problems. Thus, a count error should only arise if 
a significant hardware error has occurred. 



359 

SECTION A.19 Connecting to the output of the 

Temporal Decoder 

The output of the Temporal Decoder is a standard Token Port with 8 bit wide 
5 data words. See Section A.4 for more information about the electrical behavior of the 
interface. 

The Tokens present at the output of the Temporal Decoder will depend on the 
|:3 coding standard employed and, in the case of MPEG, whether the pictures are being re- 

^ ordered. This section identifies which of the Tokens are available at the output of the 

10 Temporal decoder and which are the most useful when designing circuits to display that 

I'Z output. Other Tokens will be present, but are not needed to display the output and, 

Q 

ff\ therefore they are not discussed here. 

ru 

^= This section concentrates on showing: 

Q • How the start and end of sequences can be identified. 

f y 15 • How the start and end of pictures can be identified. 

Q 

U • How to identify when to display the picture. 

• How to identify where in the display the picture data should be placed. 
A.I 9.1 JPEG output 

The Token sequence output by the Temporal Decoder when decoding JPEG 
20 data is identical to that seen at the output of Spatial Decoder. Recall, JPEG does not 
require processing by the Temporal Decoder. However, the Temporal Decoder tests 
intra data Tokens for negative values (resulting from the finite arithmetic precision of the 
IDCT in the Spatial Decoder) and replaces them with zero. 



25 



See Section A. 16 for further discussion of the output sequence observed during 
JPEG operation. 
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A. 19.2 H.261 Output 

A. 19. 2.1 Start and end of sessions 

H.261 doesn't signal the start and end of the video stream within the video data. 
Nevertheless, this is implied by the application. For example, the sequence starts when 
the telecommunication connection is made and ends when the line is dropped. Thus, 
the highest layer in the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in accordance with the invention, 
allows SEQUENCE_START and CODING_STANDARD Tokens to be inserted 
automatically before the first PICTURE_START. See sections A. 1 1 .7.3 and A. 1 1 .7.4. 

At the end of an H.261 session (e.g., when the line is dropped) the user should 
insert a FLUSH Token after the end of the coded data. This has a number of effects 
(see Appendix A.31 . 1 : 

• It ensures that PICTURE_END is generated to signal the end of the last picture. 

• It ensures that the end of the coded data is pushed through the decoder. 
A. 19.2.2 Acquiring pictures 

Each picture is composed of a hierarchy of elements referred to as layers in the 
syntax. The sequence of Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 

A.19.2.1 Picture laver 

Each picture is preceded by a PICTURE_START Token and each is immediately 
followed by a PICTURE_END Token. H.261 doesn't naturally contain a picture end. 
This Token is inserted automatically by the Start Code Detector of the Spatial Decoder. 

After the PICTURE^START Token, there will be TEMPORAL_REFERENCE and 
PICTURE_TYPE Tokens. The 
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TEMPORAL_REFERENCE Token carries a 10 bit number (of which only the 5 LSBs are 
used in H.261) that indicates when the picture should be displayed. This should be 
5 studied by any display system as H.261 encoders can omit pictures from the sequence 
(to achieve lower data rates). Omission of pictures can be detected by the temporal 
reference incrementing by more than one between successive pictures. 

Next, the PICTURE_TYPE Token carries information about the picture format. A 
p display system may study this information to detect if CIF or QCIF pictures are being 

10 decoded. However, information about the picture format is also available by studying 
4 registers within the Huffman decoder. 



i:ri 
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<Xref to Huffman decoder section> 

A, 19, 2.2,2 Group of Blocks Laver 



Q Each H.261 picture is composed of a number of "groups of blocks". Each of 

15 these is preceded by a SLICE_START Token (derived from the H-261 group number 

ill 

and group start code). This Token carries an 8 bit value that Indicates where In the 
M display the group of blocks should be placed. This provides an opportunity for the 

decoder to resynchronize after data errors. Moreover, it provides the encoder with a 
mechanism to skip blocks if there are areas of a picture that do not require additional 

20 information in order to describe them. By the time SLICE_START reaches the output of 
the Temporal Decoder, this information is effectively redundant as the Spatial Decoder 
and Temporal Decoder have already used the Information to ensure that each picture 
contains the correct number of blocks and that they are in the correct positions. Hence, 
it should be possible to compute where to position a block of data output by the 

25 Temporal Decoder just by counting the number of blocks that have been output since 
the start of the picture. 



The number carried by SLICE_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for more information). Figure 94 
shows the positioning of H.261 groups of blocks within GIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the same as that carried by 
SLICE_START. This is different from the H.261 convention for numbering these 
groups. 

Between the SLICE_START (which indicates the start of each group of blocks) 
and the first macrobiock there may be other Tokens. These can be ignored as they are 
not required to display the picture data. 
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A.19.2.2.3 Macroblock layer 

The sequence of macroblocks within each group of blocks is defined by H.261. 
There is no special Token information describing the position of each macroblock. The 
user should count through the macroblock sequence to determine where to display each 
piece of information. 

Figure 96 shows the sequence in which macroblocks are placed in each group of 

blocks. 

Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the H.261 macroblock structure. Each DATA Token 
should contain exactly 64 data bytes for an 8x8 area of pixels of a single color 
component. The color component is carried in a 2 bit number in the DATA Token (see 
section A.3.5-1). However, the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
information about motion vectors, quantizer scale factors and so forth. These Tokens 
are not required to allow the pictures to be displayed and, thus, can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a single color 
component. These are in a raster order. 

A.19.3 MPEG output 

MPEG has more layers in its syntax. These embody concepts such as a video 
sequence and the group of pictures. 

A. 19.3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence starts) but should have 
only a single exit point (sequence end). When an MPEG sequence header code is 
decoded, the Spatial Decoder generates a CODING_STANDARD Token followed by a 
SEQUENCE_START Token. 

After the SEQUENCE_START, there will be a number of 
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Tokens of sequence header information that describe the video format and the 
like. See the draft MPEG standard for the information that is signalled in the 
sequence header and Table A.3.2 for information about how this data is 
converted into Tokens. This information describing the video format is also 
available in registers in the Huffman decoder. 

This sequence header information may occur several times within an 
MPEG sequence, if that sequence has several entry points. 

A.1 9.3.2 Group of pictures layer 

An MPEG group of pictures provides a different type of "entry" point to 
that provided at a sequence start. The sequence header provides information 
about the picture/video format. Accordingly, if the decoder has no knowledge of 
the video format used in a sequence, it must start at a sequence start. However, 
once the video format is configured into the decoder, it should be possible to 
start decoding at any group of pictures. 

MPEG doesn't limit the number of pictures in a group. However, in many 
applications a group will correspond to about 0.5 seconds, as this provides a 
reasonable granularity of random access. 

The start of a group of pictures is indicated by a GROUP_START Token. 
The header information provided after GROUP_START includes two useful 
Tokens: TIME_CODE and BROKEN_CLOSED. 

TIME_CODE carries a subset of the SMPTE time code information. This 
may be useful in synchronizing the video decoder to other signals. 
BROKEN__CLOSED carries the MPEG closed_gap and brokenjink bits. See 
Section A. 19. 3.8 for more on the implications of random access and decoding 
edited video sequences. 
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A.1 9.3.3 Picture layer 

The start of a new picture is indicated by the PICTURE_START Token. 
After this Token, there will be TEMPORAL_REFERENCE and PICTURE_TYPE 
5 Tokens. The temporary reference information may be useful if the Temporal 
Decoder is not configured to provide picture re-ordering. The picture type 
information may be useful if a display system wants to specially process B 
pictures at the start of an open GOP (see Section A. 19.3.8). 

Each picture is composed of a number of slices. 

^1 10 A.19.3.4 Slice layer 



V3 



a 



Q 
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Section A.I 9.2.2.2 discusses the group of blocks used in H.261. The 



slice in MPEG serves a similar function. However, the slice structure is not fixed 
1 by the standard. The 8 bit value carried by the SLICE_START Token is one less 



than the "slice vertical position" communicated by MPEG. See the draft MPEG 
1 5 standard for a description of the slice layer. 

By the time SLICE_START reaches the output of the Temporal Decoder, 
this information is effectively redundant since the Spatial Decoder and Temporal 
Decoder have already used the information to ensure that each picture contains 
the correct number of blocks in the correct positions. Hence, it should be 
20 possible to compute where to position a block of data output by the Temporal 
Decoder just by counting the number of blocks that have been output since the 
start of the picture. 

See section A. 19.3.7 for discussion of the effects of using MPEG picture 
re-ordering. 

25 A.19.3.5 Macroblock layer 



Each macroblock contains 6 blocks. These appear at the output of the 
Temporal Decoder in raster order (as specified by the draft MPEG specification). 
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A.1 9.3.6 Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of DATA 
Tokens in each group of 6 is defined by the draft MPEG specification (this is the 
5 same as the H.261 macroblock structure). Each DATA token should contain 
exactly 64 data bytes for an 8 x 8 area of pixels of a single color component. 
The color component is carried in a 2 bit number in the DATA Token (see 
A.3.5.1). However, the sequence of the color components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of Tokens 
v3 10 communicating information about motion vectors, quantizer scale factors, and so 
A forth. These Tokens are not required to allow the pictures to be displayed and. 



therefore, they can be ignored. 



ru A.1 9.3.7 Effect of MPEG picture re-ordering 

As described in A. 18.3.5, the Temporal Decoder can be configured to 
15 provide MPEG picture re-ordering (MPEG_reordering=1). The output of P and I 
□ pictures is delayed until the next P/l picture in the data stream starts to be 

decoded by the Temporal Decoder. At the output of the Temporal Decoder the 
DATA Tokens of the newly decoded P/l picture are replaced with DATA Tokens 
from the older P/l picture. 

20 When re__ordering P/l pictures, the PICTURE_START. 

TEMPORAL_REFERENCE and PICTURE_TYPE Tokens of the picture are 
stored temporarily on-chip as the picture is written into the off-chip picture 
buffers. When the picture is read out for display, these stored Tokens are 
retrieved. Accordingly, re-ordered P/l pictures have the correct values for 
25 PICTURE^START. TEMPORAL_REFERENCE and PICTURE_TYPE. 



All other tokens below the picture layer are not re-ordered. As the re- 
ordered P/l picture is read-out for 
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display it picks up the lower level non-DATA tokens of the picture that has just 
been decoded. Hence, these sub-picture layer Tokens should be ignored. 

A.1 9.3.8 Random access and edited sequences 

5 The Spatial Decoder provides facilities to help correct video decoding of 

edited MPEG video data and after a random access into MPEG video data. 

A.19.3.8.1 QpenGOPs 

A group of pictures (GOP) can start with B pictures that are predicted from 
v3 a P picture in a previous GOP. This is called an "open GOP". Figure 107 

10 illustrates this. Pictures 17 and 18 are B pictures at the start of the second GOP. 
If the GOP is "open", then the encoder may have encoded these two pictures 
using predictions from the P picture 16 and also the I picture 19. Alternatively, 
the encoder could have restricted itself to using predictions from only the I 
picture 19. In this case, the second GOP is a "closed GOP". 



m 
ru 



1^ 



fU 15 If a decoder starts decoding the video at the first GOP, it will have no 

problems when it encounters the second GOP even if that GOP is open since it 
will have already decoded the P picture 16. However, if the decoder makes a 
random access and starts decoding at the second GOP it cannot decode B17 
and B18 if they depend on P16 (i.e.. if the GOP is open). 

20 If the Spatial Decoder of the present invention encounters an open GOP 

as the first GOP following a reset or it receives a FLUSH Token, it will assume 
that a random access to an open GOP has occurred. In this case, the Huffman 
decoder will consume the data for the B pictures in the normal way. However, it 
will output B pictures predicted with (0,0) motion vectors off the I picture. The 
25 result will be that pictures B17 and B18 (in the example above) will be identical 
to 119. 
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This behavior ensures correct maintenance of the MPEG VBV rules. 
Also, it ensures that B pictures exist in the output at positions within the output 
stream expected by the other data channels. For example, the MPEG system 
layer provides presentation time information relating audio data to video data. 
The video presentation time stamps refer to the first displayed picture in a GOP. 
i.e.. the picture with temporal reference 0. In the example above, the first 
displayed picture after a random access to the second GOP is 817. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. 
Hence, at the output of the Temporal Decoder it is possible to determine if the B 
pictures output are genuine or "substitutes" have been introduced by the Spatial 
Decoder. Some applications may wish to take special measures when these 
"substitute" pictures are present. 

A,19.3.8,2 Edited video 

If an application edits an MPEG video sequence, it may break the 
relationship between two GOPs. If the GOP after the edit is an open GOP it will 
no longer be possible to correctly decode the B pictures at the beginning of the 
GOP. The application editing the MPEG data can set the brokenjink bit in the 
GOP after the edit to indicate to the decoder that it will not be able to decode 
these B pictures. 

If the Spatial Decoder encounters a GOP with a broken link, the Huffman 
decoder will decode the data for the B pictures in the normal way. However, it 
will output B pictures predicted with (0.0) motion vectors off the I picture. The 
result will be that pictures B17 and BIS (in the example above) will be identical 
to 119. 

The BROKEN^CLOSED Token carries the MPEG brokenjink bit. 
Hence, at the output of the Temporal Decoder it is possible to determine if the B 
pictures output are genuine 
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or "substitutes" that have been introduced by the Spatial Decoder. 
Sonne applications may wish to take special nneasures when 
these "substitute" pictures are present. 




370 

SECTION A.20 Late Write DRAM interface 

The interface is configurable in two ways: 

The detail timing of the interface can be configured to accomnnodate a variety of 
5 different DRAM types 

The "width" of the DRAM interface can be configured to provide a 
cost/performance trade-off 





Signal Name 


Input/ 
Output 


Description 




DRAM_dataI31:0] 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus can be configured to 
be 16 or 8 bits wide. 


'-1 ssr 


DRAM_addrt10:0] 


O 


The 22 bit wide DRAM interface address is time multiplexed over this 1 1 
bit wide bus. 




RAS 


O 


The DRAM Row Address Strobe signal 




CAS[3:0] 


O 


The DRAM Column Address Strobe signal. One signal is provided per 

byte of the interface's data bus. All the CAS signals are driven 
simultaneously. 


5. -vi 


WE 


O 


The DRAM Write Enable signal 




OE 


O 


The DRAM Output Enable signal 




DRAM_enable 


1 


This input signal, when low, makes all the output signals on the interface 
go high impedance and stops activity on the DRAM interface 



Table A.20.1 DRAM interface signals 



Register name 




size/dir. 




Reset state 




Description 


Modify_DRAM_timing 


1 bit 


0 




This function enable register allows access to the DRAM interface 










timing configuration registers. The configuration registers should not 




rw 




be modified while this register holds the values zero. Writing & one to 










this register requests access to modify the configuration registers. 










After a zero has been written to this register the DRAM interface will 










start to use the new values in the timing configuration registers. 
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p396 stsrt length 


5 bit 
rw 


0.00 


wpcuiiCo IMC iciiijiii ui Liic dwu6S5 SloiiT 111 lICKo. 1 liG minirnurn VolU6 

that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 32 ticks. 




read_cyclejength 


4 bit 
rw 


0.00 


Specifies the length of the fast page read cycle in ticks. The minimum 
value that can be used is 4 (meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 




write_cycle_length 


4 bit 
rw 


0.00 


Specifies the length of the fast page late write cycle in ticks. The 
minimum value that can be used is 4 (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. 


! 

|:=§i 


refresh_cyclejength 


4 bit 
rw 


0.00 


Specifies the length of the refresh cycle in ticks. The minimum value 
that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 16 ticks. 


w 


RAS_f ailing 


4 bit 
rw 


0.00 


Specifies the number of ticks after the start of the access start that 
falls. The minimum value that can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 




CAS_f ailing 


4 bit 


8 


Specifies the number of ticks after the start of a read cycle, write cycle 


ru 




rw 




or access start that CAS falls. The minimum value that can be used 
is 1 (meaning 1 tick). 0 selects the maximum length of 16 ticks. 




DRAM_data_width 


2 bit 
rw 


0.00 


Specifies the number of bits used on the DRAM interface data bus 
DRAM_data[31:0]. SeeA.20.4. 




row_add ress_bits 


2 bit 
rw 


0.00 


Specifies the number of bits used for the row address portion of the 
DRAM interface address bus. See A.20.5 . 




DRAM_enable 


1 bit 
rw 


1 


Writing the value 0 in to this register forces the DRAM interface into a 
high impedance state. 0 will be read from this register if either the 
DRAM_enable signal is low or 0 has been written to the register. 



Table A.20.2 DRAM Interface configuration registers (contd) 
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Register name 


size/ 
dir. 


Reset 
State 


Description 


refreshjnterval 








no_refresh 


8 bit 
rw 


0.00 


This value specifies the interval between refresh cycles in periods of 
16 decoder_clock cycles. Values in the range 1..255 can be 
configured. The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles until a valid 
refresh interval is configured. It is recommended that refresh^interval 
should be configured only once after each reset. 


CAS_strength 


1 bit 
rw 


0.00 


Writing the value 1 to this register prevents execution of any refresh 
cycles 


RAS_strength 
acldr_strength 
DRAM_data_strength 
OEWE_strength 


3 bit 
rw 


6 


These three bit registers configure the output drive strength of DRAM 

interface sianals Thi^ ;3llf)w^ th^ intprfar^ tn mnfrmir^H frtr v/arimie 

different loads. 
See A.20.8 . 



Table A.20.2 DRAM Interface configuration 
registers (contd) 



10 
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A.20.f- Interface timing (ticks) 

In Che present invention, the DRAW interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as tic;cs. 
A. 2 0.2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
different types of access are supported: 

• Read 
•Write 

Refresh 

Each read or write access transfers a burst of between l 
15 and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 2 0.3 Access structure 

20 Each access is composed of two parts: 

• Access start 

• Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
25 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
access is ready to start when the last access finishes, 
then the new access will start immediately. 
A. 2 0.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 



30 
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conditions. There are three different access starts: 

• Start of read 
5 • Start of write 

• Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_falling and page_start_length. 
The state of OE and DRAM_data[31 :0] is held from the end of the 
10 previous data transfer until RAS falls. The three different access 
start types are only different in how they drive OE and 
DRAM_data[31:0] when RAS falls. See Figure 109. 



Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes 


38 


RAS precharae Deriod set bv reaister RAS fallina 


4 


16 


tick 




39 


Access start duration set by register page_startjength 


4 


32 






40 


CAS precharge length set by register CAS_falling. 


1 


16 




a 


41 


Fast page read cycle length set by the register 
read_cyclejength. 


4 


16 






42 


Fast page write cycle length set by the register 
write_cyclejength. 


4 


16 






43 


WE falls one tick after CAS. 










44 


Refresh cycle length set by the register refresh_cycle. 


4 


16 







15 Table A.20.3 Access start parameters 

a. This value must be less than RAS_falling to ensure 
CAS before RAS refresh occurs. 
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A. 20. Data transfer 

There are three different types of data transfer cycle: 

• Fast page read cycle 

• Fast page late write cycle 

• Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CSS" is driven high and 
the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after CXST The output data is driven one tick after the 
address . 

As a "CSS- before RXB" refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum HSS" low period 
required by the DRAM. 
A- 20. 3. 3 Interface default state 

The interface signals enter a default state at the end 
of an access : 

■ RAS, CAS ana ^TE high 

•data and OE remain in their previous state 

• addr remains stable 
A. 2 0.4 Data bus width 

The two bit register DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 
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. OflAM^data .width i 
] ^ i 
!_2 i ®^'**"<i*<3ataou4onORAM_dau(3i:24I*'. ; 

! ^ iSbitwida data bus on OflAM.dati(3l:l6p*'. 

*^ I 32 Sit wtoa data oua on OR AM,data(3i:0|. j 

Table A. 20, 4 Configuring DRAM_data_width 

a. Default, after reset. 

b. Unused signals are held high impedance. 
A. 20. 5 Address bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
therefore, produce "hidden bits) . 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed . 

A. 20. 5.1 Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A. 20. ^2- Row address bits 

it: internal address to provide the row address is 
configured by the register row_address bits. 



a 




iu 
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Table A. 20. 5 Configuring row_address_bits 

dJT' °' ""^ •-■^'^ -^^P-"^ - type of 

DRAH used and whether the MSBs of the row address are 

decoded Off-Chip to access multiple banks of DRAM 

the'7'.^ extracted fro. the .iddle of 

the internal address. if son,e bits of the row address are 

ecoded to select banKs of ORAM, then all possible values 
Of these "ban. select bits" .ust select a banK of DRAM. 
Otherwise, holes win be left in the address space 
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ORAM_addr(9;0I 
j ORAM.addr(9;01 



j 512k 



OaAM.addrfS.OI I ORAM.afldf( 1 0:31 { 2S6k . 

j C.qAM.ager{9:C| j CPAM. acCff 1 0| 
{ OPAM.addr(:0;Cl ! 



! 20^< 



O.RAW.addr( 10:01 



Table A.20.6 Selecting « value for row_a<ldress_bits 

A. 2 0.6 DRAM Interface enable 

There are two ways to make a i i 
no*„ tomaxe all the output signals on the 

DR.aLM interface become hiah imr,«^, 

etome nign impedance. The DRAM enable 

re,xster and the DRA«_.„able signal. Both the Register and 

the s.gnal „ust be at a , „^ interface to 

operate. If either is low, then the interface is taken to 

nigh impedance and data transfers i-hr....,^K • ^ . 

. _ ^ ^i^^ansrers through the interface are 

na i t ed . 

The ability to take the DRAM interface to high impedance 
IS provided in order to allow other devices to test or to 
use the DRAM controlled by the Spatial Decoder (or the 
Temporal Decoder) when the Spatial Decoder (or the Temporal 



379 



Decode), is not in use. it is not intended to allow other 
devices to share the memory during normal operation 
A. 20. 7 Refresh 

unless disabled by writing to the register, no refresh 
the DPAM interface will automatically refresh the DRAM 
using a CA^ before TOfB" refresh cycle at an interval 
determined by the register ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. values in the range l to 255 can be configured 
The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 

configured. It is recommended that ref resh_interval should 

be configured only once after each reset. 

A. 2 0.8 Signal strengths 

The drive strength of the outputs of the DRAM interface 

can be configured by the user using the 3 bit registers 

CAS_strength, RAS_strength . addr_strength , 

DRAM_data_strength. OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances. 

The default strength after reset is 6, configuring the 
outputs to take approximately lo ns to drive signal between 
GND and if loaded with 12 F 

P 



1 


strengtn vaiuo 


1 Drive cnaractensiics j 


0 




1 Aoorox. 4 niV into 6 o' 'oad j 


t 1 ' . 

1 1 Aoorox. 4 nvV imo \2 ot load ' 


; 2 




1 Aoorox. 4 ns/V inio 24 oi load 1 


' 3 
1 




1 Aoorox. 4 nVV tnto 4a oHoad 


4 




1 Aopfox. 2 ns/V into 6 o' load 


5 




Aoorox. 2 ns/V inio 12 o' load 



svengcn valua 



Drive cftaraciensics 



Aoorox. 2 nW inio 24 of load 



Aoorox. 2 ns/V inro 48 o' load 



ru 
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Table A. 2 0. 7 Output strength configurations 

a. Default after reset 

When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 20. 11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and. therefore, minimal 
overshoot will occur after a signal transition. 
A. 20. 9 After reset 

After reset, the DRAM interface . configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 
impedance . 

•The refresh interval is configured to the special 
value 0 Which means execute refresh cycle continuously 
after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
conf igurat ion . 

Most DRAMS require a "pause" of between ioOms and 500:.s 
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-fter pother is first applied, followed by a number of 
refresh cycles before normal operation is possible 

immediately after reset, the ORAM interface is inactive 
untxl both the DRAM_enable signal and the DRAM enable 
register are set. When these have been set, the DRAM 
interface will execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM's 
••pause" after power_up and for allowing sufficient time 
„ after enabling the DRAM interface to ensure that the 

3 . required number of refresh cycles have occurred before data 

transfers are attempted. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay. This may be 
required during debugging. 
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Table A. 2 0.8 Maxiaum Ratings' 
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1 Symbol 


1 Parameter 


Min. 


Max. 


j Unrj 




Suooiy voltage refairve to GNO 


4.7S 




1 ^ 


GNO 


Ground 


0 


0 


! ^ 




inout logic T voltage 


2.0 


Vqo - 0.5 






Input logic '0' voltage 


GNO - 0.5 


0.8 


i:^ i 


1 


Operabng temoerarure | 


0 


70 





I. J 



lU 



Table A. 20. 9 OC Operating conditions 

With TBA linear ft/n,in transverse airflow 




Symoot 


Parameter 


Mtn. 


Max. 


Units 




OutDiA / lO caoaciunce 


1 5 \0f i 



Table A.20.10 OC Electrical characteristics (contd) 

Table A.20.io DC Electrical characteristics 

AC parameters are specified using V,^,=o . 8V as 

the measurement level. 

This is the steady state drive capability of the 
interface. Transient currents may be much 
greater . 
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0 . fT5 . 1 AC ch 



aracteristics 



Num. 



48 



Parameter 



Cycle cjme e.g. tPC 



46 I Cycle time e.g. iflC 



47 I Hign pui$6 e.g. tflP. tCP, tCPN 



Low pulse e.g. iRAS, tCAS. rCAC. (WP. 
IRAS?. t.«-ASC 



49 I Cycle ame e.g. lACP/tCPA 

Tab*eA.20.11 Differences from 



Note • i 



•2 



•11 



*2 



nominal values for a strobe 



e A. 20. 11 Differences from nominal values for a strc 

The driver strength of the signal must be 
configured appropriately for its load 



f^^f^. Parameier 


< t : 

Win, ! Max. 1 Unit i Note * 


50 


Stro&e to siroDe delay e.g. tRCO. tCSR 




51 


Low notd lime e.g. iRSH. tCSH. IRWU 
tCWU tRAC. IOACA3E. tCHR 


•13 


-3 j ns 

i 


I 
i 

i 

i 


32 


Stfoo* 10 stfooe precnarge e.g. (GRP. 
tRCS. tRCM. IRRH, tRPC 


•9 


-3 i n$ 

1 
1 


f 
1 


CAS precnarge pufs« 0«twettn any two 
CAS signals on wide ORAMs e.g. tCP, or 
t>e(we«n RAS rising ana Ca5 fafting e.g. 
tRPC 


•5 


-2 i r.s 

1 
* 
i 
1 
1 

1 


! 

• 
t 



Table A.20.12 Differences from nominal values between two strobes 

Table A.2 0.12 Differences from nominal 
values between two strobes 





values between two strobes (contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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SECTION B.l SUrt Code Detector 
B.l.l Ov«rvi«v 

As previously shown in Figure 11, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. its 
primary purpose is to detect MPEG, JPEG and H.261 start 
cedes in the input data stream and to replace them with 
relevant Tokens. It also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.2 61, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a • DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged. 
B.l. 2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 

B.l. 2.1 Input Circuit (scdipc.sch.iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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5 



10 



15 



ru 



pi-- in all cases, the input circuit 
output th*. ^ '-At^cuit will always 

heal s lere """" ^""^ .eneratin, OATA To.L 

appropriate. Transitions to and from upi 

be forced to waxt until a safe point in the data streal 

Whether the xnput circuit is in token or byte .ode. 
Furthermore. ihitiaUy informing the system as to which 
standard xs being decoded <so a COOINC.STANOARO ToKen can 
be generated, can be done in any of the three modes 
B.1.2.2 Token decoder (scdipnew. sch, scdipnem.M, 

Thxs block decodes the incoming tokens and issues 
commands to the other blocks. 
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Table B.1.1. Recognized input tokens 



Input Token 


Command 


Comments 


NULL 


\A/A IX 
WAI 1 


NULLS are removeu 


DATA 


NORMAL 


Load next byte into first SR 


CODING_STD 


dYPAoo 


riusn sniTi registers, perrorm 
padding, output and switch to 


FLUSH 


BYPASS 


Flush SRs with padding, output and 
switch to bypass mode- 


ELSE 

(unrecognised token) 


BYPASS 


Flush SRs with padding, output and 
switch to bypass mode. 


Note: A change in cod 


ing standard is passed to all 



blocks via the two-wire interface after the SRs are flushed. This 
ensures that the change from one data stream to another 
happens at the correct point throughout the SCD. This principle 
5 is applied throughout the presentation so that a change in the 
coding standard can flow through the whole chip prior to the new 
stream. 

B.1.2.3 JPEG (scdjpeg.sch scdjpegm.M) 

Start codes (Markers) in JPEG are sufficiently different 
10 that JPEG has a state machine all to itself. In the present 
invention, this block handles all the JPEG marker detection, 
length counting/checking, and removal of data. Detected JPEG 
markers are flagged as start codes (with v_not_t - see later text) 
and the command from scdipnew is overridden and forced to 
15 bypass. The operation is best described in code. 

switch (state) 

{ 

case (LOOKING): 
if(input = Oxff) 

{ 

state = GETVALUE;/*Found a marker*/ 
remove; /*Marker gets removed*/ 

} 



else 



# 



sut* = LOOKING; 
break; ^ ^ 

case (CETVALUE); 
ir (input s= OxfT) 
{ 

states CETVALUE; ,-0v.H3ppi„g„3rker,V 

remove; 

} 

else if (input = 0x00) 
( 

Stat* = LOOKING;/- Wasn't a marker-/ 
insertCOxfT); /"Put the OxfT back-/ 

} 

el^e 
( 

com„,and = BYPASS; /-override command-/ 

ifOc)/. Does the marker have a. ength count-/ 

state = GETLCO; 
else 

state = LOOKING; 

break; 

case (GETLCO): 

•oadicO; /-Load the loplenph count byte-/ 
state = GETLCI; 

remove; 

break; 

«^«(CETLCl) 
loadicl; 
remove; 

suie = DECLC; 
break; 

'<^nt = lcnt.2 



- ^tau = CHECKLC; 
break; 

case (CHECKLC): 
if (lent == 0) 

sui* = LOOKL\C;/«;No morr to do V 
else if (lent < 0) 

stace = L0OKI.NC:/-gen.rate Ulegal.Ung.h.ErrorV 
eise 

state = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
ifac<=l) 

stat« = LOOKING; 



10 



25 



30 



35 
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B-1.2.4 input Shifter (scinshf t . 3ch, scinsha.M) 

The-Ba^ic operation of this block is quite simple. This 
block takes a byte of data from the input circuit, loads 
the Shift register and shifts it out. However, it also 
Obeys the commands from the input decoder and handles the 
_ transitions to and from bypass mode (flushing the other 
SRs): on receiving a BYPASS command, the associated byte 
IS not loaded into the shift register. instead "rubbish" 
(tag - 1) is Shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the token reconstructor. 
B.1.2.5 Start Code Detector (scdetact . sch, scdeto.M) 

This block includes two shift registers which are 
programmable to l<3 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16 

in the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshifc 
without the detection of another start code it ^s 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 



H 2 0 
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B.1.2.6_ output Shifter (scoshift.sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. other functions are: 
E.g. 2. 6.1 nata p adrt-ing 

The output consists of 15 bit words, but the input may 
consist Of an arbitrary number of bits. m order to flush 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
extension bit to indicate that it is the end of a data 

token . 

B. 1.2, 6. 2 Gener ation of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output Shifter, and the output shifter has completed 
Its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6. 3 Flaaainq valid ^tart eadp.^ 

If . scdetect indicates that it has found a start code, 

padding is performed and the current data is output The 

start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes. if the 

"value- arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t ( ValueNotToken) to indicate 
that it IS a start code value. if, however, another start 
code IS detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlapping_start_error is 



generated t« *-u • 

Che sytlk then „ " 

repeated u„\uTn Procedure to 

B 1 , . . I """-'"erlapped start code Is found. 

heart's "zVatr ""r" : ^ 

generated „hen data (not rubbish) starts 



arriving 
B, 1.2 . 7 



Data stream reconstructor (sctokrec. sch, 
sctokrem.M) 

inputs. ""neT"" """"^""^ -°-"ire interface 

inputs. one from .cinshift for bypassed tokens, and one 

between the two sources is only allowed when the current 
token (from either source) has b.. current 
extension bit arrived,. completed (low 

B.I.J. 8 "art value to ,t.rt number conversion 
(sedromhw.soh, schrom.M) 

The process of convertin, start values into tokens is 
done xn two stages. This block deals mainly with codino 
sta d , ^^^^^^ ^^^^^^^^ Ld "otent a! 

codes down to le codin, standard independent indices 

AS mentioned earlier, start values ( ihcludin, JPEO ones, 
are distinguished from all other data by a fZl 
(value.not_token, . if v.not.t is high, this block converts' 

to a" bit'' '''^""'"^ C0.1«c.ST,^.J 

staL. H ="rc.number which is independent of the 

standard, and flags any unrecognized start codes. 

The start numbers are as follows: 



^ Table B.X.2 Start Code numbers (indices) 



not_a_staa_code 
. sequence.start.code 
group_start_code 



inaex (srar.numocr) 



SHCUENCi 57A? 



GP.OUr STAP.T 



picture_stan_code 



slice_stan_code 


4 


I SUCc.START 


user_data_start.code 


5 


j UScr^.OATA 


extension_start_code 


S 


j cXTENSICN^OATA 


sequence_end_code 


7 


1 SEQUENCr.ENO 


JP£G Manters — 


UM 1 


8 


1 OHT 


DQT 


9 


I OCT 


DNL 


10 




DRI 


1 1 


OPir j 


JP£G marners r.at can oe maooed onio (okens (or MP £a'H.2Sl 


1 




p(cture_start_code 


?tCTUP = _STA.=- j 


SOI 


sequence_start_code 




Table B.1,2 


start Code numbers fmdlces) 




SiarvMaritef Code 


lr>dejt (stan_numt>er) 


Resulting Token 


EOl 


sequence_end_code 


SEOUENCE.ENO 


SOFO 


group_start_code 


GflOUP.STAflT 


JPEG martt ers tnat generate exin or us< 


if data 




! JPG 


extension_start_code 


EXTENSICN.OATA 


JPGn 


extension_start_code 


EXTENSION_0ATA 


APPn 


user_data_start_code 


USER.DATA 


COM 


user_data_start_code 


USER.OATA 


NOTE: Alt uruecogrvsed JPEG markers generate an ettn_sta/X_code index 





B.i.2.9 Start niimtoer to token conversion (sconvert . sch, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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Search modes are a means of 



random pcTint, 
values : 



The 



entering a data stream at a 



search mode can be set t 



o one of eight 



10 



0: Normal operation - find next start code 
i/2: System level searches 
2 



"ot implemented on Spatial Decode- 
Search for Sequence or higher 
Search for group or higher 
Search for picture or higher 
Search for slice or higher 
Search for next start code 



r 

m 



3 15 



20 



25 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax, is 
detected . 

This block also adds the token extensions to PICTURE 
and SLICE start tokens: 

■ PICTURE_START is extended with PICTURE_NUMBER, a four 
bit count of pictures. 

• SLICE_START is extended with svp (slice vertical 
position,. This is the "value" of the start code 
minus one (MPEG, H.251,, and minus OXDO (JPEG, 

B.l 2.10 Data streaa Formatting (scinsert. sch, scinserx.H, 
in the present invention. Data Stream Formatting relates 

to conditional insertion of PICTURE END, FLUSH 
■ CODING.STANDARD, SEQUENCE_START tokens, and'generat ion of 

the ST0P_AFTER_PICTURE event. Its function is best 

simplified and described in software: 
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s^n'Uh (inpu(.data) 
(FLUSH) 
I. if Onj)icture) 

output = PiCTVRE^zSD 

2. output = FLUSH 

3. '^(i"J«cture&stop.after.pkture) 
iap^crror= HIGH 

'njicturc = FALSE; 
^. in.picture = FALSE; 
break 

case (SEQUENCE.START) 
1. if (in^picture) 

output = PICTURZ^END 
2. if (in picture & stop.after.picture) 
2a. outputs FLUSH 
2b. sap_error = HIGH 
in_picnjrc = FALSE 

3. output = CODINC.STANDARD 

4. output = sundard 

5. output = SEQUENCE.START 

6. in^picturc = FALSE; 
break 

(SEQUENCE.END) cis* (GROUP.START): 
1. if (inj)icture) 

output = PICrrURE^END 
2.if(ui_picu,re&stop.afier .picnjre) . 
2a. outputs FLUSH 
2b. sap^trror = HIGH 
'".pictures FALSE 

3. output = SEQUENCE.END or GROUP.START 
in.picxure = FALSE; 
break 

(P«CrUR£.END) 



• 
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I.o«M,u^=p,CTUR£_E.VD 

2a- output = FLUSH 

2b.Mp_«rn>r=HlCH 
3. in.picture = FALSE 
break 

case(PrCTUR£_START) 
1- if (in_p/cture) 

output =PlCTUR£_E,vi> 

2. if (injicuire & ,top.^,er_pic.ur«) 
2a. output = FLUSH 

2b. sap_ern)r = HIGH 
2. if f'ns«rt_$equence_start) 

3a. output = CODING.STANDARD 
3b. output =itandanl 

3c output = SEQUENCE_START 
ins*n_s«,uence_stan = FALSE 
4. output = PICTUR£_START 
'".picture = TRUE 
break 

defauJt: Just pa«i, through 



SECTION B.2 Huffman Decoder and Parser 

B • 2 • 1 Introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 

Figure 118 shows a high level block diagram of the 
Huffman Decoder and Parser, Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) • 

In essence, the Huffman Decoder and Parser of the present 
invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 
"Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 
be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 
the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit) . This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the Huffman Decoder serially. In the case of Huffman 
encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 
N-1. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder- 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
decoding process in which the index n\imber obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

The ALU is the next block and is provided to implement 
other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 
implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU- is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 
type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 
the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 
been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

In fhe'present invention, there is a two-wire interface 
between each of the blocks in the Video Parser. 
Furthermore, the Huffman Decoder works with both serial, 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. if a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
a time. If it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 
once . 

In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. a single microcode instruction word is 
produced which contains all of the information to do this. 



The command is passed directly to the Huffman Decoder which 

h'^'^ '''^ o^^-^y-on. fro. the ..inshiff. h. 
untxl xt has decoded a complete sy„.ol. Control To.ens are 
-put .n parallel. Once this occurs, the decoded index 
value .s passed along with the original microcode word to 
the index to Data Unit. Note that the Huffman Decoder win 
require several cycles to perform this operation and, 
indeed, the number of cycles is actually determined by the 
data Which is decoded. The Index to Data Unit will then 
map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU, along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 
dependant) it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in which the Token word is formed. 

The ALU has a number of status wires or "condition codes" 
Which are passed back to the Parser state Machine. This 
allows the state Machine to execute conditional jump 
instructions. m fact, all instructions are conditional 
Dump instructions; one of the conditions that may be 
selected is hard-wired to the value "False". By selecting 
this condition, a "no jump" instruction may be constructed 

in accordance with the present invention, the Token 
Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine. in 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
fill in with the remaining bits from the other for a total 
Of .8 bits. For example, •H0RI20NTAL_SIZE has an 8 bit field 
that is an invariant address identifying it as a 
H0RIZ0NTAL_SI2E Token. In this case, the 8 bits come from 
the constant field and no data comes from the ALU. if, 
however, it is a DATA Token, then you would likely have 6 
bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token 



Fortnatt^er takes this information and puts it into a token 
for use by the rest of he system. Note that the number of 
bits from each source in the above examples are merely for 
Illustration purposes and one of ordinary skill in the art 
•-■ill appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer" as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
Dumps based on "start of picture", "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document. 

Input ShifteT- 

In the present invention, the Input Shifter is a very 
simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hfi") . 

In the first pipeline stage. Token decoding takes place 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
the Huffman Decoder. The second pipeline stage is the 
Shift register. In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
last data word. 
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T.«. B.,., ^^^^ ^^^^ 

t";.:;' 

c*jxi»ter, tne bit pattern "o ^^^^ , , 

"its in the Shift register ar. „ , remaining 
discarded. Note that this I '""^ 
Xast word of a OAxr ToKen 

c.en:rr:e^L"rr- 3- r-™:— - 

into tho ^ ^ • '^■L-iei. They are still loaded 

■«-nto the second pipeline 

P-ce. Note that the O.T. he I ; it^is"! ^t'""' 
passed to the Huffman at all. two ..tali" ; 
and seri.l_valid, are provide.. onlv' '»«--lid 
given r,™- ^ • • ^ asserted at a 

given time and it indicates what tvn» «^ 

presented at that moment. °' ''^^^ ^^^"^ 
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B-2.2 Huffman Decoder 



The Huffman Decoder h«= = 

The „cs. cbviou. ts " °' """^ " =P«""=n. 

turnin, them into I "'""^ Huffman codes, 

5 can decode r I" addition, it 

can also accept To.<rs r " """"" 

Th- M °" I"=hift block. 

This is "d"r"° ' -=Hine 

> " e:a„se t t:es i-fo^ation. Xhis 

^= »a.e decisir rst'^'air;:: 
rTdetsira- rt - - - -"-"^ 

When this state Machine is used "Z" ^ ■ 

issues commands to the Index ^o n """"^ 

Huffman Decoder State Maon ^"^ 

state Machine cannot control all „f 
microcode instruction bits and ►k . '"^ 
the full ran=. , therefore, it cannot issue 

b I I t It "-""^ to the other blocks. 

B.J.J. i Theory of Operation 

"hen decoding Huffman codes the „ 
present invention uses an ari'th V °' 
the incominc, code inH a Huff P^^^ure to decode 

lies between 0 aid" !r"r ' ~ 

entries) " '"at has u 

Shifter • ""^ ^"■n "e Input 

In order to contrni <-k^ 
number of tables are re,uireT"V:" " """"" ^ 

possible number of bits Tn a n 
codes there are of th t 1 " " 

information is typLlir no!"' '"^ 
..ner.l Huffman code "Le " " =P-"^ ' 

the Huff.,.„ „ However, in MPEG, H.261 and JPEG, 

^iiG nurrman codes aro /^k*^«^ 

alone can . . ^"^'^ ^''^^ information 

lone can specify the Huffman Code table There is 

zr:::Tu\:rr' the-xcoJff "ie:: 

taoie from H.261 which is also usort ,„ 

an adHi-i , ^" This requires 

an additional table that is • 

excenri«. ^ described elsewhere (the 

exception was dediberately introdur-oH • 

y introduced m H.261 to avoid 



403 

Start code emulation) . 

It-Ts-xmportant to realize that the tables used by this 

n ;;;c ""^r^ ^-"-^^ - .ransLtt 

-JPEG. Th.s allows these tables to be used directly 
-hile other designs of Huffman decoders would have required 
the e „ ^^^^^^^^ ^^^^^^ ^^^^ transmitted 

ones. Thxs would have required extra storage and extra 

Zl7ir.V° r -in- the tables in MPEC 

and H.261 (with the exception noted above) can be described 
in the same way, a multi-standard decoder becomes 

practical. ^^mes 

^cess'"''""'"^ '"^"^"^ °' illustrates the decoding 



process 

int zozai = 0; 

tnt s = 0; 

inc bic = 0; 

-nsigned long cede = O; 

-n- index = 0; 

-hile ( index >= total ) 

* f bir>=max_bits ) 

-'a.i,"huff_clecode: ran off end of huff table\n" , ; 

=ode=(code«i) inext_bitO; 

:.ndex=code-s-cocal; 
=ocal-=code8_per_bit(bic | ; 
s=(s-codes_per_bit(bit ) 

bit*-; 



The process generally, is directly mapped into the 
Si. icon implementation- although advantage is taken of the 
fact that certain intermediate values can be calculated in 
clock phases before they are required. 



From the code fragment we see that; 
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m 



m 
fa 



^ 2Q1. totals ^, = totals + cpb^ 

EQ 3. code, , , = 2code, + bit 
EQ4. index,^, = 2 code, + bit + total - "s 



Unfonuna.e.y in Hardware . proved eas^r to use a modified se. o. equations ,r. 
a variable -shiftecT is used in place of the variable 's'. In this case: 

In the hardware,, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used in place of the variable "s". m this case; 

EQ5. shifted,^, = 2 shifted, + cpb. 

It turns out that: 



6. = 2shifted 



and so substituting this back into Equation 4 w 



e see that: 



EQ 7. index, ^ , = 2 (code, - shitted,) + total, + bit 



idition to calculating successive values of "index", 
ecessary to know when the calculation is completed.' 
e "C" code fragment we see that we are done when: 



EQ 8. index, ^ , < total, ^ , 
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Substituring from Equation 7 and Equation i we see that 
we are done when: 



EQ 9. 2 (code„ - shifted^) + bit„ - cpb^ < o 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (code„ - 
5 Shiftedj is calculated one phase before the remainder ^of 
these equations are evaluated to give the final result and 
""^^ information that the calculation is "done". 
^ one word of warning. m various pieces of "C" code 

g notably the behavioral compiled code Huffman Decoder and 

10 the sm4code projects, the "C" fragment is used almost 
directly. but the variable "s" is actually called 
"Shifted". Thus, there are • two different variables called 
"Shifted". one in the "C" code and the other in the 
hardware implementation. These two variables differ by a 
15 factor of two. 



B.2 .2 . 1. 1 Inverti no tha Qj^ta Bifeg 

There is one other .piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. it turns out that H.261 and JPEG use 
20 opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions, m those aspects 
inherited from H.261, the H.261 convention is used. In 
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15 



TolTf.t^^"'"" '"^ "^'"■'"'■^ °= intra 

coet f icients) the JOFn ^- -^'"-ra 

' tne JPEG convent ion • is used. 

5 MPErUV"' coefficients ta.Ie in H.2e. and 

MPEG there are nu.ber of anomalies. First, the table in 

' Zll : '""^'^""^ °' ^^^'^ hardwa e 

x.ple.entatxon of the present invention, there is 

- part Th Va r\:::^T rz ^^^-^^^ 

(I.e., MPEG codes) will be decoded in the 
correct" „,„„.r. of course, o«er aspects of T.l 
compression standard „a. well .e bro.en. Tor example 
«ese extended codes wUl cause start code emulation in 

second, the transform coefficient table has an anomaly 
tnat „.ans that it is not descri.able in the normal manner 
«^ith the codes oer hit- ♦•^ui 

- t^t>les. This anomaly occurs with 
the codes Of length six pits. These code words are 
systematically substituted by alternate code words. m a" 

ncoder, the correct result is obtained by first encodi„: 
jU th. ^^^^ ^^^^^ J 

alt'h" substituted by 

another six bits by a simple table loo.-up operation. 
a decoder, in accordance with the present invention the 
decodin, process is interrupted just before the sixt; bu 
s decoded, the code words are substituted usin, a table 
look-up, and the decoding continues. 

in this case, there are only ten possible six-bit codes 
,0 11 T '°°'=-"P table is very small. The 

r s of°" " -o 

re- uit it operation. As a 

inst...^ " """"■•I' " "=e a true look-up table, 

appr : r"^r^- - «e hard-wired to ,ive 

= 5 is callld ... "•""=™«ion. The module that does this 

defrned h ' ''^^ « substitution is 

possib! " ' "t Of 
possible codes is replaced by another code from that set 
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It 

in 



(no neu codes are introduced or old codes omitted, 

^ Ail d DXOCK* In th i «= 

impossible for «r, ^ ^' 

for an end-of-block code to occur . ^ 

interpreted as end-of-block Th i ™. ^nerwxse be 

This may save one bit. 
turns out that with the architecture for decoding 
accordance with the present invention, this is easily 
accommodated. m short, for the first bit of the f Lst 
coeffxcient the decoding is deemed -.done" if "index- has 
the value zero. Pu.thermore, after decoding onl a :ingle 
bit there are only two possible values for "index" zlll 
and one, it is only necessary to test one bit 
'2- 1-3 Reoiatar .nd Adrt>^ c.^r 

The Huffman Decoder of ^ho r^-^ 
with Huffn.n H present invention .can deal 

witn Huffman codes that may be as i or,« 

..lajr oe as long as is birc 
Ho„e ^^^^ . t. 

Th s possiMe because we .cnow that the largest possible 
value Of the decoded „u«„a„ Index number is .55 l" fact 
.his could onl, happen in extended .P.= end , • in the curren; 

i^a, so 7 bits will not suffice). 

It turns out that for all leaal »„-Ff^^ 
^ho 1 , -tegai Huffman codes, not only 

the (inal value of ..index", but all intermediate values lie 
in the ran,e 0 to However, for an illegal code i e 

' ^= =urre;t coa; 

e"c ed " ° 

possrble th t " " "° " - 

"thdex. dd " °' °^ 

b ts tnat t T, significant 

discard r . " 

the " " """"9 decoding 

that 1" " °' ^dder 

"at forms index) an error occurs »r,H 

abandoned. °<==urs and decoding is 
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Twelve^ ,i,3 Of ..code" are preserved. This is no 
necessary for decoding Huffman codes where an eight J 
regxs.er would have been sufficient. These upper bits ar 
recuxred for fixed length codes where up to twelve bits Z 

B. 2. 2. 1.4 operation for r.^^>. r e nath m^^^ 

For fixed length codes, the "codes per bit" value i< 
forced to zero. This means that "total" and "shifted^ 
rema.n at zero throughout the operation and "index" is 
therefore, the same as code. m fact, the adders and the 
lice only allow an eight bit value to be produced for 
index". Because of this, the upper bits of the output 
word are taken directly fro. the "code" register when 
decoding fixed length codes. When decoding Huffman codes 
these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
-put is calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter 
B.2.2.2 Decoding Coefficient Data 

The Parser State Machine, in accordance with the present 
invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-e.g.t blocK Of data is not directly handled by Ihis 
state machxne. The Parser State Machine gives a command to 
the Huffman Decoder of the form "decode a block" The 
Huffman Decoder, index to Data Unit and ALU work together 
in °^ ^ dedicated state machine (essentially 

in the Huffman Decoder, . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this 
-Ode Of operation. For instance, in JPEG decoding where 
the VLCs are decoded to provide SIZE and RUN information, 

the SIZE information is fed back di»-o,-i-iw « 

oacK airectly from the output 

the index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read In 
addxtxon, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B,2>2>2,1 KPEQ and H.261 AC Coefficieat Data 

Figure 127 shows the way in which AC Coefficients are 
decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient, A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data, 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H-261 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 
control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 124, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 
previously been received from the Parser State Machine, 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 
other instructions for the decoding are supplied by the 
Huffman State Machine. 
B,2.2.2.2 MPKQ DC Coafficiant Datm 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 
responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 

JPEQ Coeffieiapti DatM 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 
process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 
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field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables). The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and 2RL. These are the only two 
values for which no PLC bits are read. In the case when 
the decode index is neither of these two values, the 
Huffman Decoder immediately reads one bit of PLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required. 
In the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine. 

In the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
inimediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB). 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
3 5 associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 
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firsr s^ign-extending the value with the wrong sign. if che 
sxgn bit-is now set, then the remaining bits are inverted 

(ones complement) . 

in the case of DC Coefficients, the decision ma)cing in 
the Huffman Decoding Stage is somewhat easier because there 
IS no equivalent of the ZRL field. The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC coefficient value (Known as the prediction) . Four 
predictors are required, one for each of the four active 
15 color components. When the DC difference has been decoded 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. since DC 
coefficients are signed (because of the DC offset) 
conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine. 
They are simply executed by the Parser State Machine. 

in a similar manner to the AC Coefficients, the ALU must 
first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. if the 
30 result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There 
3o effectively four sources of error that are detected: 
■Ran off the end of a table. 
■Serial when token expected. 
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•Token when serial expected. 

•Too" many coefficients in a block. 

The first of these occurs in two situations. if the bit 
counter reaches sixteen (legal values being O to 15) then 
an error has occurred because the longest legal Huffman 
code xs sixteen bits. If any intermediate value of "index- 
exceeds 255 then an error has occurred as described in 
section B. 2 . 2 . 1. 3 . 

The second occurs when serial data is encountered when a 
Token was expected. The third when the opposite cc^ndition 
arises . 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 

Index to Data Unit. 

When any of these conditions arises, the error is noted 
xn the Huffman error register and the Parser state machine 
IS interrupted. it: is the responsibility of the Parser 
State Machine to deal with the error and to issue the 
commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 
operation. When the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine 
The Huffman Decoder will not accept this command for two 
Whole cycles after it has interrupted the Parser state 
Machine. This allows the Parser state Machine to remove 
the command that was there (which should not now be 
executed, and replace it with an appropriate one. After 
these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valid command is there. 
If not, then it will do nothing until the Parser state 
Machine presents a valid command. 

When any of these errors occur the = 

'-"S nurfman Error" event 
bit IS set and, if the mask bit is set, the block will stop 
and the controlling microprocessor will be interrupted in 

the normal manner. 



one^complication occurs because in certain situations 
what looks li,ce an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblocK address. it is legal in the syntaxes of MPEG, 
H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. if this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 
recognize this "no error" situation and respond 
accordingly. m this case, the "Huffman Error" event bit 
will not be set and the block will not stop processing. 

several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. m this 
case, a "Token when serial expected error" would occur 
instead, a "no error" error occurs in the way iust 
described . 

Second, the Token is preceded by a few serial bits. m 
this case, a decision is made. if all of the bits 
preceding the Token had the value one (remember that in 
H.2 61 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs. if 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 
When serial expected" error does occur. 

Third, the token is preceded by many bits, in this case, 
the same decision is made. if all sixteen bits are one 
then they are treated as padding bits and a "no error" 
error occurs. if any of them had been zero, then "Ran off 
Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
are. Because of this fact, after each table is completed 
It reads another 4-bit FLC assuming it to be a new table 
number. If, however, a new marker segment starts, then a 



token j^ill be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and, therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman commands 

Here are the bits used by the Parser State Machine to 
control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included iri this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
operate as one coherent logical block. 
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Name 


P-jncrjon 


tl 


1 Ignore Bnors 


1 . Usee 10 atsabte errors m certain t::z\;rr^:ances. ! 


10 


Download 


Sitner nominate a :aoie tot downtcac zc sownioad cata ; 
into mat UDie. | 


9 


Aiuiao 


Uie information Irom the ALU feg:sisrs :o $oecl^/ T.t \ 

i 

taoie number (or numcar of Sits of PLC) | 


8 


Bypass 


Sypass tne index :o Data Unit j 


7 


Token 


Cecoce a Token ratner man rLC or vlC i 


6 


PtfstCoert 


Seieca first coefficient tncK for Tc;efl tacie anc c:rer j 
soeciai modes. 


1 

' 5 

1 

i 

i 


SoeciaJ 


if set tr.e Muftman State macr.tne src^ra :axe ever ! 
cor If 01. 


4 I 


VLC {not FLC) 1 


Soec:fy VLC or PLC 


3 1 


Tawe(31 1 


Soec:fy ne UM to use for VLC 



Table Huffman Decoder Commands 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode, ignore Errors, Download, Alutab, Token 
First Coeff, Special and VLC are all zero. Bypass will be 
set so that no Index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read. 

The numbers 0 to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 

control to denote the use of "SSSS" as the number of bits 

of FLC to read. 

B.2.2. 4. 2 Reading VT.r 

In this mode. Ignore Errors, Download, Alutab, Token 

First coefficient and Special are zero and VLC is one' 

Bypass will usually be zero so that Index to Data 

translation occurs . 

in this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table(3:0] indicates which table to 

use as shown: 



Table(3:0) 



VLC Tabia to us« 



0000 



TCoefficient (MPEG and H.261) 



0001 



C8P (Cod#d Slock Ptn«m) 



0010 
0011 



MBA (MacroofocK Address) 



MVO (Mooon Vector Data) 



0100 



Intra Mrype 



0101 



Predicted Mtype 



0110 



interpouted Mrype 



0111 


,1 

H.261 Mryp« j 


10x0 


JPEG (MPEG) OC Table 0 | 


1 10x1 


JPEG (MPEG) OC Table t j 


11x0 


JPEG AC Table 0 j 


11x1 


JPEG AC Table i j 



Table B.2.3 Huffman Tables 

..lection. o==::',„T« \\\T ^° 

built th»„ ,K non-baseline jpeo decoder i 

awxe[ij will then be required. 

it ?s Isel'"' "^"^ -""ted a 

H ^.r "tv, " °" correctly e: 

H^261 style tables. m the case of Tablet. :o,=o tn, 
appropriate Ri„, modification is also applied 
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B.2.2.JI. NOP Ins1;rii^^^>.^ 

AS p^e^iously described, the action of reading a PLC of 
zero b.ts is used as a No Operation instruction. Ko data 
xs rea, ,ro. the input ports (either Token or Serial, and 
the Huffman Decoder outputs a data, value of zero along with 
the instruction word. 

^'2'2.4.A TCoefficient rir^f r neffiei,.ni- 

The H.261 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 
the block. in order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 
Of the First Coefficient bit is to enable this code to be 
decoded . 

Note that in normal operation, it is unusual to issue a 
simple" command to read a TCoefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 

B . 2 . 2 . 4 . S Reading Token Wni-Am 

In order to read Token words, the Token bit should be set 
to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the TablefO) bit 
is to work correctly, 

in this mode, the bits Tabled] and TableCO] are used to 
modify the behavior of the Token reading as follows: 



8t( 


Meaning 


Taoie{0) 


Discard saceing ohs of serial data 


~aDie(i| 1 Oisca/d ail senaj cau. 



If both TablefO, and Tabled] are zero, then the presence 
Of ser.al data before the token is considered to be an 
error and will be signalled as such. 

If Table CD is set, then all serial data is discarded 
unt . l a ToKen Word is . encountered . .o error will ::Zl:: 
by the presence of this serial data. 

If TablefO] is set, then padding bits will be discarded 
It IS, Of course, necessary to know the polarity of the 
paddxng bits. This is determined by Table(3} in exactly 
the same way as for reading VLC data. if Table ( 3 1 is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table (3] is set to one, the input data 
xs NOT inverted and "one" bits are discarded. since the 
action Of inverting the data depending upon the Table[3) 
bit IS conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(I.e., "1" bits in H.261 and MPEG) an error is reported 

Note that in these instructions only a single Token word 
IS read. The state of the extension bit is ignored and it 
IS the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 

^'2-2.4.6 ALU Ratyiatara Sp^z- ify T«hl« 

If the "Alutab" bit is set, registers in the ALU's 
register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


1 iable(3:0) 




ALU Ubie 


0 






0 






1 




cc.rtufUcontoidl 


t 


J\XX 
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r3 



10 



;~ 15 

U 

cn 
ru 



bxts ,re read for decoding the vectors. If r size is z.r! 
a NOP instruction results. " 

hes'telle,?," °' """""" "ble nunber 

to o ^ set to one so that the resulting number refers 
to one of the jpeg tables. ■•eters 

f Sbeei.l ^ .latriign^,) , 

thuV fa7 (or modes of operation, described 

thus far are considered as "Simple" instructions. For each 
co.»and that is received, the appropriate amount of input 
data ,of either serial of toKen data, is read and the 
resulting data is output. If no error is detected, exactly 
one output will be generated per conunand. 

in the present invention, special instructions have the 
Characteristic that n,ore than one output word „,y be 
generated for a single co^and. l„ order to accojxish 
this function, the Huffman Oecoder • s internal State Machine 
ta.es control and win i3sue itself instructions as 
reguired until it decides that the instruction which the 
Parser requested has been complete. 

Of the'" the first real instruction 

of the sequence that is to be executed is issued with the 
special bit set to one. .his means that all sequences must 
have a unique f.rst instruction. The advantage of this 
scheme is that the first real instruction of the sequence 
i= available without a loo.-up operation being required 
based upon the command received from the Parser 
There are four recognized special instructions: 
• TCoef f icient 
3 0 JPEG DC 

■ • JPEG AC 
■ Token 

coJf?- ''"^ °' "-'^^ ^"'^ "^^^ Transforn. 

35 ii'ce, until the end-of -block symbol 

^ read. if the block is a non-intra block, this command 

c..l/^^^ ^""^ ^"""'^ the "First 

Coeffxcent" bit should be set so that the first 
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coefficient trick is applied. if the hio^^ • 

■•first coefficient.. Mt should be zero. 

In the case of an intra block in H.261, the DC t«.„ ■ 
rea, i „,„^,.„ ,„,„„,,^„„ ^^ the s bits .:: 

value. In „pe5, „^ ,.jp . ^ _ 

described belou is used. instruction 

The ..JPK oc.. command is used to read a JPEO style OC 
term (including the sss«; h^*-.. r-r ^ • ^. 

^ ''^^^ ^LC indicated by the VLC) . 

It IS also used in MPEG. The First Coefficient bit must be 
set m order that a counter (counting the number of 
coefficients, in the Index to Data Unit is reset 

The ..jpHG AC" command is used to read the remainder of a 

or th' ! ""^'^ ^^^^^^ ^" encountered 

or the 64*^ coefficient is read. 

The "Token" command is used to r«aH 
T«L.^„ ^ - ^^^'^ ^" entire Token. 

Token words are read until the extension bit is clear rt 
is a convenient nethod of dealing with unrecognized tokens. 
B.2.2.4.fl Downloading Tjihi^.. 

In the present invention, the Huffman Decoder tables can 
e downloaded by using the "Download" bit. The first step 
- to nominate which table to download. This is done by 
issuing a command to read a rrr u,^<.k ^ 
First roo^r Download and 

are a ' n ^"'^ ^= ^" '^^^ ^ - 

are actually read, but the table number is stored in a 

loaded in subsequent downloading. 




AS the above table shows, either the AC or DC tables can 
be loaded and table(3] determines whether it is the codes- 
per-bxt table (in the Huffman decoder itself, or the index 
to Data table that is loaded. 

once the table is nominated, data is downloaded into it 

by .ssu.ng a command to read the required number of PLC 
(alwa.s a .its) With the Download bits set (and the rirst 

Coeff b.t .ero). This causes the decoded data to be 

written .nto the nominated table. An address counter is 

maintained, the data is written at i-ho 

then the address counter 7 • """^ """^ 

aaress counter is incremented. The address 

counter IS reset to zero whenever a table is nominated. 

When downloading the Index to Data tables, the data and 

addresses are monitored. Note that the address is the 

Huffman Index number while th^ Hat^ , ^ • 

, . . "xie tne data loaded into that 

address is the final decoded svn,hr,i 

^ ecoaea symbol. This information is 

used to automatically load i-h« - • ^ 

. ^ ^ registers that hold the 

Huffman index number for svmboic «^ ; ^ 

. symcois of interest. Accordingly, 

in a JPEG AC table- when «.k« j ^ 

' data has the value 

corresponding to ZRL is recognized, the current address is 
written into the register CED_H_KEV ZRL INDEXO or 
CED H.KEV_ZRL_INDEX1 as indicated by the tlble'number . 

Since decoded data is written into the codes-per-bit 
table one phase after it has h^^., ^ 

decoded, it is not 
possible to read data from the table durino tn • 

^awxe auring this phase . 



Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction win 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG). It is 
however, possible to build simulation tests that do this.' 
B.2.2.5 Huffman State Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux. 

The basic structure of the State Machine is as follows. 
When a command is issued to the Huffman Decoder, it is 
stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. If the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set, 
then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

DThe Parser State Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 
command . 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
would then replace the field in the Huffman State Machine 
ROM. 

In case (i), in certain instances, table numbers are 
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'"■■4 



s«ra=,e, so that vhen that =o„.a„d is lat« 7" 
taMe „u..„ i, ,,,, reusea the 

recovered again from the ALU since i„ , 

counters „iii have advanced in order re.er t"'" ' ^"l 

block. ^erer to the next 

Since the choice of the next instruction that -ill 
used depends upon the data that is .ein, decoded. i! 
necessary for the decision to .e .ade very late in a cycle 
Accordingly the general structure is one in which all of 
the possible instructions are prepared in parallel and 
multiplexina latf> i n ^-u , , ^axxex ana 

IS instruction -eter^ines the actual 
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Note that in each case, in addition to determining the 

e cycTe" "t^ " 
instru r ''eter^ines the 

instruction that uili be attached to the current data as it 
passes to the Index to Data Unit .nrf 

exact Iv -h. ""'^ 'he ALU. In 

exactly the same way. all three of these instructions are 

prepared m parallel ^ir^n ' ^•-xons are 

cycle. then a choice is made late in the 

Again there are three choices for this part of the 
.nstruct.on that correspond to the three choices for the 
next Huff„,an Decoder instruction above. 

DA constant instruction suitable for End of 
Block. 

J)The Huffman state Machine. The Huffman state 
Machine may provide an arbitrary instruction tor 

the Index to Data Unit. 

3)The original instruction 

uiuci^ion that was issued by the 

Parser to start the instruction. 

B '2,2.5.1 gn s Comparator 

The EOB comparator's output ess^n^-^^n ^ 
of ^y,^ ^ essentially forces selection 

Of the constant instruction to be presentoH ^ r . 

IT ^ presented to the Index to 

Data Unit and will also cause the next h,.^^ 

'-ne next Huffman Instruction 



to be ^he next instruction from the Parser. The exact 
function ^of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of -Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, l, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B.2.2.S.2 ZRL Comparator 

In the present invention, this is the more general 
purpose comparator. it causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is used in the case of an FLC. The 
constant 12 is used whenever the table number is less than 
8 (and VLC) . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

.If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

^ ■ •^•2-S.2 Huffman S tate Mnehine ROM 

The instruction fields in the Huffman State Machine are 
as follows: • • 



nxtstate [4:0] 

The address to use xn the next cycle. This address may 
be modified. ^ 
statectl 

Allows modification of the next. state address. if zero 
the state machine address is unmodified, otherwise the LSB 
Of the address is replaced by the value of either of the 
two comparators as follows: 



nrtsu(e(0] 




0 


Replace Lso by eCS match 


1 


Replace Lsb by ZRl match 



Note: in any case, if the next Huffman Instruction i. 
selected as "Re-run original command" the state machin. 
Will 3ump to location 0, 1, 2 or 3 as appropriate for the 

command . 

eobct [ 1:0] 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 

f ol lows : 



eobctl(1:0] 




00 


No effect • see zric:t(l:0) 


01 


Take new (Parser) command if EOB 


to 


Take r.ew (Parser) ccrr.mand rt erji iow 


11 


Unconeitional Oemux Instruction 



zrictf 1:0] 

This controls the selection 



of the 



instruction 



next 



based upon the zrl comparator. 



Huffman 
If the 



idition is met, then it takes the state machin 
truction, otherwise it re-runs the original instruction 
either case, if an eobctl*+ condition takes a demu 
truction then this (eobctl**) takes priority as follows 



zrtctJ(l:0] 




00 


Never ;ake SM {always re-run) 


01 


Always take SM command 


10 


SM it ZP.L maicr.fts 


11 


SM if ZSL does not match 



smtabf 3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the 2rltab[3:0j field is 
used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and 2rltab{3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. In the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab(3:0) and 2rltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
2rltab(3 :0] 

This is the table number that will be used by the Huffman 
decoder if the selected instruction is the state machine 
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instruction. However, if the ZRL comparator matches then 
the 2ritabC3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab(3:0) and zrltab[3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. In the case of MPEG, there is no obvious 
requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0] and 2rltab(3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab( 3 : 0 ] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction. 
aluzrl[l:0) 

This field controls the selection of the instruction that 
is passed to the ALU. it will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 
machine : 



aluzrl(1:0] 




00 


Always lahe u-.e «ved Pars., Su.e Macftine Comc-.and 


01 


Always lake Huffman Sla.e Machine Commana 


,0 ( 


rake ine HufJman SM command U not HOB 


_ 1 


Take trie Murtrrjo SM command a not ZRL 



a lueob 
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This_wire controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinpuf. This is an 
arbitrary choice; any output mode apart from "none" will 
suffice. This is to ensure that the end-of-lock command 
word IS passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueob 




0 


Oo not modify ALU outsrc field 


1 


Fofce zinour into outsrc it EOB matcn 



m 

s _ 
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20 
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The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 

description . 

^'2.2.5.4 Huffman state M^r-h-jne Moai f i n»*- i 

In one embodiment of the state machine, the Index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the index to Data Unit 
While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. in this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with, the RUN field. of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the- aforedescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd". Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation). Accordingly, "hd" includes the following 



major blocks; 
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Table Huffman Modules 





Oescnsticn i 

' 1 


naco 


Huffman Cecooer {AnxT\meuc) dataoain i 




Hu-.-nan State Wacfttn« Cacaoatn i 




inoex to Cata Unit , 



'■■J 

fit 



i "1 
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15 



20 
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The following description of the Huffman modules is 
accomplished by a global explanation of the various 
subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

B. 2. 2. 6.1 Description of "hd" 

The logic for the two-wire interface control usually 
includes three ports controlled by the two-wire interface; 
data input, data output and the command. m addition 
there are two "valid" wires from the input shifter! 
token_valid indicating that a Token is being presented on 
in_data(7:0) and serial_valid indicating that data is being 
presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 
those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
When a primitive Huffman command is completed. In the case 
When a Huffman State Machine command is executed, "done- 
will be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 
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The signal notnew prevents the acceptance of a new co. 
from the Parser c,-,^ • ■ command 

Parser state Machine until the entire Huff„ 
State Machine ^^omn.^^^ ■ entire Huffman 

>-ni.ne command is completed. 

no"::::. - ---- 

ucnerwise, the size is fed back- fyr^m 

size, as mentioned above thor« . 

or jpegeobO. Note th« in th! ' 

- »«.e Ope,eo.,. t^ Xatri TlVT" 

... o.e.;e-r:tri rrr/e/u::: 

actually get generated until a Hnff^m^^ 
•Thus, the fixed length code a e " 

affected, but the next Huff '''''^ 
reni.^oH u Huffman coded information is 

replaced by the forced end of block in rh» u 
is one and jpegeobO is used ^'^^ 
therefore i 1255 . . ° ""'^ 

correct t'ime - ,e l:-:r: "^"^^ ^° 

zero CO « • ^ impossible for a size of 

:::: zrz 

1 talc ":.";a: ; -'"^in. usin, Tcoe„ t,.le, , 

operation "^^e, ana nop <no 

* -«ea Un,tH ooae" IIT' 

size zero is one, the forceeob 
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5 ensures that the result i. ' ""P' 

used. Furthermore invert ' ""^ instruction is 

- nr^^^ = r;r .el- :r,:-^:Ltt" 

=or-;r-lir«:«:° -=;pushea re,ar.i„, a..ressin, the 

«- KOMs. These are built out of the sma n ^ ^ 
path ROMs. The sian«i= small data- 

ine signals are duplicated re n ^ w 
csla) purely to r,«<- • • -"-^-atea (e.g., csha and 

into two sectLs rT'T """"^"^ 

tne hit counter .hiln. 7" 

interface address /.e.-addr n • o n de": d'^^ "i-oprocessor 

to the hloc. hein, selected "^^^"■'^"■^ "P=n UPI access 

Additional decoding is concerned with the UPI read, 
registers such as those that hold the Huffman . " 
for the JPro tables (EOB 7», I Huffman index values 

-istate driver cont^oT'for'thre regis"" """"^ " ^ 
reading of the codes per bit ,^s 

i j=rnrttr:hrs.''^"frt — — 
Wit. the .coeff first coe;;::r: t :;i;rrh;"hi';°r""" 

comparator ^nrs^thrurerLr - 

Regarding the extn bit if a 

Shifter then the . "^'^ ^"P^t 

«^er, then the associated extn bit is ro;,H .i 

it. Otherwise tho i= ^ , *^ along with 

. "^utierwise, the last value of pv«-« - 

Allows the testing of the extn bit by the m ' '"'^ 

•t any time after a to.en has been read 

When zerodat is asserted, the unn*.^ ^ 

Huffman output data are forced to Tell sT °' 

^-e valid values when decoding fix.d ienotr 

3eroed when decoding a vt.c a tCen 

a token or when a NOP 
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instruction is executed for any reason. 

andT^'^ ^i'^^-itry detects when each command is completed 
and generates the .-done" signals. Essentially, there a^e 
t.o groups Of reasons for being "done"; normal reasons and 
exceptional reasons. These are each handled by one of th^ 
two three way multiplexers. 

The lower multiplexer (i_i275) handles the normal 
reasons. m the case of a PLC, the signal ndnflc is used 
This IS the output of the comparator comparing the bit 
counter with the table number. m the case of a VLC the 

arithmetic datapath and reflects directly Equation 9. m 
t:he case of an MOP instruction or a Token, only one cycle 
"doneT'"' ^y^^-- - unconditionally 

In the present invention, the upper multiplexer (i 1274) 
handles exceptional cases. if the decoder is expecting a 
size to be fed back (fbexpctdO, in JPEG decoding and that 
size IS one (notfboneO), then the decoder is done because 
only one bit is required Tf ^ • 

^. equirea. if the decoder is doing the 

first bit Of the first coefficient using the Tcoeff table 
It IS done if bit zero of the current index is zero (see 
Section B.2.2.1 2) Tf r^^a-u ^ 

neither of these conditions are met 
then there is no exceptional reason for being done 

The NOR gate (i_i293) finally resolves the "done- 
condition.. The condition generated by i-570 (i.e., that 
the data is not valid, forces "done". This may seem a 
little strange. it is used primarily just after reset to 
force the machine into its "done" state in preparation for 
the first command ("done" resets all counters, registers 
etc.,. Note that any error condition also forces "done" ' 
The signal notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 
detecting an error "done" is forced anyway. The use of 
done" would give a combinatorial feedback loop. 

Error detection and handling i<: =^ ^ . ^ 

^' ^s accomplished by 
circuitry which detects all of the possible error 



conditions. These are ORed together in i_1190. In this 
case, i_ll93, i-585 and i_584 constitute the three bit 
Huffman error register. Note i_l253 and i-1254 which 
disable the error in the cases when there is no "real" 
error (section 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected. 

As previously indicated, control signals are delayed to 
match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit. It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 
(rather than each time one of the primitive commands 
completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too). This also must only be asserted once. 

In addition, these bits must only be asserted for ALU 
instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of "cc" in a DATA token. 

In the illustrated embodiment of the invention, either 
alunode[l] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp". There is 
also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B*2.2.4.6). 

The modification of aluinstr [ 3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
5 B.2.2«5«3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (X) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 
10 Selhold causes the register to retain its current state, 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
Q that retain the original Parser State Machine command for 

''4 later use. 

J-^ 15 Selold causes loading of the command from the registers 

i;.n that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huff^nan 
1,^ State Machine ROM. 

□ In the case of the table number, the situation is 

20 slightly more complicated since the table number may also 
5;3 be loaded from the output data of the Index to Data Unit 

1'=^ (selholdt and muxsize) . Latches hold the current address 

in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
25 signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) . The signal notignorerom effectively 
3 0 disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU. 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 
3 5 Decoding is also provided for driving the signals into 

the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM. 
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These regist/rs can . ^"^^ « and .oB. 

The aecX; r 11 \ °' 

select whLh """iPlexers that 

!he r ^ °" "^^"^ '° "-pare against 

the decode Huffman Index. against 

«ach?nr"l «""-an state 

determine what to do nevt anH ^ "-t-tions to 

" """'"^ instruction 

notl"d'at.''"r "^hais notne., notsm and 

Hu fin o r °" " """^ °P-"-n Of the 

Huffman Decoder command register T„.., 

in an nK„, "qister. They are generated here 

an Obvious manner from the control bits in the state 
^.achine .o„ (described in Section a...a.S.., together .itn 

.nsr/tr .aiseV Vo r.^"^;: °' ^-^^ — 

oo^^« ^ • actual multiplexing is 

performed in the Huffman st-At-^ m u- 

r„ " State Machine datapath "hfstdD" 

Four control signals are generated. * 

In the case when the end-of-block has not been 

state machine instruction) win be generated. 

In the case when the or.H , 
encount-o^.H . end-of-block has not been 

encountered, one of aluseleobd (selecting i-k » 
Machine i * < selecting the Parser State 

Machine instruction) or aluseleob.^ f^^^ ^■ 
Star*. M.^K- -^"seieobs (selecting the Huffman 

itate Machine instruction) win ho « 

the "ou^«.^.. generated. m addition 

cne outsrc" field of the ALU instr.,.-i. < 

force ir • instruction is modified to 

torce It to "zinput". 

A register holds the nominated table r„,„K ^ • 
downio^^ r. ^. ^atjie number during table 

download. Decoding is provided for the code« w 

tne codes-per-bit RAMs . 
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Additional decoding recognizes when symbols like EOB and 
ZRL are downloaded so that the Huffman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
correct number of bits have been read when reading a FLC. 
B.2.2.6.2 Dea eription of "hddp" 

comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and m2r[7:0]) select which value to 
use and the exclusive-or gates and gating constitute- the 
comparators . 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary herje . An exclusive or is used for 
inverting the data {i_807) described in Section B. 2. 2. 1.1. 

The "code" register is 12 bits wide. A multiplexing 
arrangement implements the "ring" substitution described in 
Section 8.2. 2. 1.2. 

Regarding the pipeline delays for data and multiplexing 
2 0 between decoded serial data (indexC7:0]) and Token data 
(ntoken0(7:0]) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 
25 because the table select information arrives late. All 
tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram". 
B'2.2.6.3 De acription of "hdatdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
3 5 Formatter. It only processes about half of the instruction 
word that is passed to the ALU, the remainder being dealt 
with by the other module "hdstmod". 
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"Hdscmod" includes the Huffman State Machine ROM. Some 
bits Of this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
5 Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
10 remainder of . the circuitry is concerned with UPI read 
access to half of the Huffman state Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
the present invention, sits at the end of the Huffman 
block. Its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
20 Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN. 
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2-3.1 The Microinstruction Word 

Table B.2,7 The Microinstruction 
word consisting of seven fields 



"eid Name 


Bits 


Token 


0:7 


Mask 


8:11 


3(ock Tyoe (Bt) 


12::3 


Er.ernal cxtn {£•) 


14 


Oemux Extn (Oe) 


15 


End of Block (Eb) 


16 


Command (Cmd) 


17 



17 16 15 14 



12 



:md] a 



Oe 



Bt 



Mask 



Token 



rhe Microinstruaion word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
3,2 Operating Modes 

Table Bit Allocation 



Cmd 


Mode 


0 


Oata.wofd 


1 


Data. Token 



B . 2 . 3 . 2 ■ T Data Wor-H 

in thi; mode, the top eight bits of the input are fed to 
the output. The botto. eight bits will be either the 
botton, e.ght bits of the input, the Token field of the 
Microinstruction word or a fixture of both, depending on 
_the mask field. Mask represents the number of input bits 
in the mix, i.e. 

out_data 1 16 : 8-] =in_data C 16 : 8 ] 

out_data { 7 : 0 ) = (Token [ 7 : o ) i ( f f «mask ) ) indata [ 7 : o ] 
When mask is set to 0 x 8 or greater, the output data 
Will equal the input data. This mode is used to output 
words in non-DATA Tokens. With mask set to 0, out_data [ 7 • o 
Will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn. 

Otherwise 

out_extn=De.Bt and Eb are "don't care". 

B.2.3.2.2 D ata Tolcan 

This mode is used for formatting DATA Tokens. and has two 
functions dependent on a signal, f irst.coef f icient . At 
reset, f irst_coef f icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to i, out_data C 16 : 2 ] is set to 0 x 1 and 
out_dataCl:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coefficient takes the value of Eb. When the next 
coefficient arrives, out_data ( 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and first_coeff icient are 
then updated. This ensures that when the end of the block 
IS encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e.. 
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■i:f ir«t_co«£f icieac) 

3Ut_data(l:0I - 3C(1:0J 
?i(16:0J - ia.d*tM16:0J 

) 

else 

( 

««t_d«t«{16:0J - RLtl6:0J 
!U,(16:0) - ia_d.t.ri«..o] 

) 



B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser state Machine. However, two of the fields are 
actually supplied by other circuitry. The "Bt" field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
"cc" or "color component". Thus, when a DATA Token header 
IS constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb" bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 
When one is assumed because the last coefficient in the 
block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 
only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 
way . 



B.2.4 ^The Parser state Machine 

The Parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complacation lies in the programming of the microcode ROM 
which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 
this incremented address is one of two possible addresses 
to be used for the next state. The othar address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. If the jump is not 
taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again 
a bit in the microcode ROM) . The resulting signal selects 
between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False". if this condition is selected, no 
jump will occur. Alternatively, if this condition is 
selected and then inverted, the jump is always taken; an 
unconditional jump . 
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Table B.2 


.9 Condition Code Bits 






Bit No. 


Name 








0 


userrOj 


Conr.ec:eo to a re-.si-f r^o^ra.Trrazie cy :-.e Lse- ?-r- 






. ! 


u$er[tj 


(fie rr.:croorocessor .nrsrface. They allow ^ scr ceV*.-- 






2 










3 


coo_scec:ai 


■ ^^s'^c't'O" codes ir.at zan r- ?es:ec *.:n luTe cvor.--,:;. 
Two are iefined to convot non-siarjara -Ccced Siocx 
Panern* processirg for eirerrrrentai :l c(ock arc 3 r»c<x 
Tiacrctiock structures. 








These arts connect cirec'Jy to tne r^u.-Jman cecccer s 






5 




Huffrr.an error re^ut-f 






6 








a 


7 




The rrtension bit (for Tokens) 




3 


3lkon 


The Slock Pattern Shifter 




9 


Mes:aa 


At Stan of a Macroeiock ( 


5! 


10 


Pics:an 


At Start of a Pictu-'e 


I 




1 1 




At Start ot a flestan ;n;er/ai 


1 




12 


Chngset 


The "Sacky Change Oe:ect sk 


1 


lU 

□ 


13 


Zero 


ALU zero condition 






1 4 


Sign 


ALU sign condition 






* 5 




Hard wired to False. 
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B.2. 4.1 Two Wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. In addition, condition codes 
are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
It to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 



the feedback wire from the ALU becomes asserted. This 
wire, fb_valid, indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands than decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data 
Without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e., the ALU in 
this case) is uncertain. 

Not all instructions are passed to the Huffman Decoder 
some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 
no requirement that the Huffman Decoder accept the 
instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 
Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
Parser Event by setting this bit. Typically, the 
instruction that does - this win write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt. 

After servicing a Parser Event (or immediately if the 
event is masked out) control resumes at the point where it 
left off. If the instruction that caused the event has a 



Dump i^nstruction (whose condition evaluates true) then the 
jump is t'aken in the normal manner. Hence, it is possible 
to Dump to an error handler after servicing by coding the 
jump . 

A Huffman event is rather different. The condition being 
monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 
occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 
handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handl ing . 

It is possible for huffintrpt to be asserted without a 
Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case. no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). since the Huffman error 
register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 Special locations 

There are several special locations in the microcode ROM. 
The first four locations in the ROM are entry points to the 
nain program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register. 
coding_std. Since this location is itself reset to zero by 
a true reset control passes to location zero. However, it 
is possible to reset the Parser state Machine alone by 
using the UPI register bit CED_H_TRACE_RST in CED H TRACE. 



in this case, the ccding_std register is not reset and 



The second four locations (O x 004 to o x 007) are used 
> .hen a Huffman interrupt ta.es place, x.picall,, a ,u. o 
the actual error handler is placed in each of these 
locations. Again, the choice of location is .ade as a 
result of the. coding standard. 
B.2.4.4 Tracing 

Thi?a'l,^'''""'" ' -chanisn, is implemented. 

Th.s allows the microcode to be single-stepped. The bits 

C^^%™-^^^^^ CHO_H.XK.C._MASK in^the r^ i.^ 

ope^a^eTa ^'^'^ "^"^^ ^^^y 

operate xn a very sxmxlar fashion to the normal event bits 

However, because of several differences Un particular no 
LPI interrupt .s ever generated, they are not grouped with 
the other event bits. 

is "s'eVt"""" "^^^--^ - turned on when CED_H TRACE MASK 
.s set to one. After each microcode instruct x"on is "read 
from the ROM, but before ir 

Decoder, a trace .ve„. <== t". Huffman 

trace event occurs. m i-k.-^ 

CED_H_TRACE EVENT becomes one li. . . 

et-omes one. It must be polled because 

this tim.",-^ " instruction can be modified at 

tnis time if required Wi-ii-ir^« , 

causae. W^^ting a one to CED_H_TRACE EVENT 

causes the instruction to k«=. ^ ~ 

" ^° executed and clears 

CED_H_TRACE EVENT. Shortly aft.,- • • Clears 
^ " snortxy after this time, when the next 

microcode word to be executed ha= ^ 

a executed has been read from the ROM, 

a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed usina an ^«c= ui 

• . . " us>ing an assembler "hpp" 

ach ev:: : ^^-^^^ °^ abstraction L 

achieved by using a macro preprocessor. a standard "C" 
preprocessor "cpp" may be used for this purpose. 
The code is instructed as follows: 

Ucode.u is the main file. First- fv, - 

urst, this includes tokens, h 



to define the tokens. Mext, regfile.h defines the ALU 
register map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
that are used in the code are defined. After this step, 
instr.u IS included to define a " large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next 
unword.u defines the order in which the fields are placed 
to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B.2.5.1 The Instructions 

In this section the various instructions defined in 
ucode.u are described. Not all instructions are described 
here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 

Huffman and lnd^» ^ o pata Tn^tructions 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 
Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; H_TOKSRCH 
H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKREAd' 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_TOKREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
The associated command is repeated for each word of the 
Token. H_TOKSRCH discards all serial data preceding a 
Token and then reads one token word. H_TOKSKIP_PAD skips 
any padding bits {H.261 and MPEG) and then reads one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 

H_FLC(NB) reads a fixed length code of "NB" bits. 

H_VLC{TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC ( tcoef f ) ) . 



448 



H_FLC_IE(NB) is like H_FLC, but the "ignore errors" bit 
is set. * 

H_TEST_VLC(TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_si2e , 
respectively . 

H_DCJ reads JPEG style DC coefficients, the table number 
from the ALU. 

H_DCH reads a H.261 DC tern. 

H_TCOEFF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst H_TCOEFF is for intra blocks after the DC 
term has already been read. 

H_NOMINATE(TBL) nominates a table for subsequent 
download. 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
B. 2.5. 1. 2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. in the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x. , i.e., 
the destination is listed first and the source second: 



e B.2.10 Letters used to denote possible 
sources and destinations of data 



Lensr 




A 


A /e^isJer 


H 


Run teq:sitr | 


1 


Data incut 


O 


Data Outcut 


P 


ALU register File 


c 


Constant 


z 


Constant of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. If the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. In this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
the bit indicated in the RUN register, and stores the 
result in the A register-. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"CLRA" is used for clearing the A register, "RMBC" to reset 



the macroblock counter. These aro fai,-iw • 

, — • inese are fairly obvious and are 

described in comments in instr.u. 

one anomaly is the use of a suffix ".O" to indicate that 
the result of the operation is output to the Token 
formatter in addition to the normal action. Thus 
_LDFI_0(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_I(RA) if desired. 

^'2.5.1.3 Token Fo rmatter Tnatruetinn^ 

This is the T_NOP "No-operation" instruction. This is 
really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 

T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions). 

T-GENT8 generates a token word based on the 8 bits of 

constant field. 

T_GENT3E like T_GENT8 , but the extension bit is one 
T_OPD(NB) NB bits Of data from the bottom NB bits of the 

output with the remainder of the bits coming from the 

constant field. 

T_OPDE(NB) like T_OPD, but the extension bit is high. 
T_OPD8 Short-hand for T_0PD{8) 
T_OPD8E short-hand for T_OP0E(8) 

Parser state Machine Tnatru^^.^ nn« 

This instruction. D_NOP No-operation, i.e.. the address 
increments as normal and the Parser state Machine does 
nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP. but waits for feedback to occur. 
The simple jump group. Mnemonics like D_JMP(ADDR) and 
D_JNX(ADDR) jump if the condition is met. The instruction 
IS not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP(ADDR) and 
D_XJNX(ADDR). these are like their simple counterparts 



output to the Huffman 
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above, ^ but the instruction is 
Decoder. * 

The jump and wait group. Mnemonics like D_WJNZ ( ADDR) . 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B.2.11 Mnemonics used for the conditions 
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D_ EVENT causes generation of an event 

D.DFLT for construction of a default instruction. This 
c uses an event and then ,u.ps to a location wit. the 

..eTare Zll t^"^ri u'^Vro'tr" ^ '™ 

,^ ^ ^° ^^^^ 3 3"n»p to an unused 

location is trapped. 

0 E«,OR causes an even, and then ju.ps to a label 
srch.dxspatch" which is assumed t= attempt recovery fron, 

the error. 



SECTION B.3 HUFFMAN DECODER ALU 
B • 3 • 1 Introduction 

The Huffnan Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. it also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 3 6-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8 -bit 
constant port (which actually resides on the token bus). 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 

microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_data). There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface. 
B.3. 2. 2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 
Input block 400 
Output block 4 01 
Condition Codes block 402 

"A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
Adder/Subtractor 405 with source multiplexing 
Sign Extend logic 406 with source multiplexing 
Register file 407 
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buses are in M.r-o ^ «»atapath, and these 

aie, in turn, used as inoute ^r, t-K-. . . 
block sources For , multiplexing for 

datapath bus wHic; is o.' th" °- 

register. Likewise the A ^"P"- to the . 

- for.s one of the possible i 

set of P''"'*''^ ^"P"^^ ^dder. Only a sub- 

set Of all possibilities exist in this respect as 
specified in Section 7 on the microinstruction word 

add / ^""''^'^ ^° — t- Either an 

Purt":: - ^ sign-extend-based instruction 

Furthermore it is allowable to execute both of these in a 

oar! 1 r """'"'^ '"^^ '^^^^ operation is strictly 

parallel. m other words, add then sign extend or sign 

X e.. th 3dd sequences are not allowed. The regi 
file .ay be either read from or written to in a !ingle 
cycle, but not both. a single 

The output data has three fields: 
• run - 6 bits 

sign - 1 bit 

level - 10 bits 

leasl '''' ^""^ '^^^-•'^^ ALU, the 

least significant li bits of the input data registe; are 
latched into the sign and level fields 

. , regard, the number of cycles required 

IS „ve„ by the contents of the register file location 
Whose address is specified in the microinstruction, and the 

cLn'teTd"""" "^""-^^ 

counter decrements to one. This facility is typically used 
to effect left shifts, usin, the adder to add the A 

" '"^^ --^ " --i^ ^ac^ m z : 

B.3.3 The Adder/Subtractor Sub-Block 

This is a 12-bit wide adder, with onV « , • 
inont, . ^ , '^itn optional invert on its 

input2 and optional setting of the carrv-in hi.- ^ . 
a 15 Kj» ^ a*rry m bit. Output is 

a 12 bit sum. and carry-out is not used Th«^ , . 

«aea. There are 7 modes 
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of operation: 

ADD: add with carry in set to zero: inputl + input2 
ADC: add with carry in set to one: inputl * input2+l 
SBC: invert input2 , carry in set to zero: inputl - 
input2 - 1 

■SUB: invert input2, carry in set to one: inputl - 
input2 

•TCI: if input2<0. use SUB, else use ADD. This is 
used with inputl set to zero for obtaining a magnitude 
value from a two's compliment value. 

DCD (DC difference): if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add): if inputKO do ADC, 
otherwise do SBC. 
B.3.4 The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to li (o relates to the least 
significant bit, ll to the most significant). Output is a 
12 bit modified data value, and the "sign" bit 

in SGXMODE=NORMAL, all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. sign takes the value of the size- 
th bit. For example: 
data = 1010 1010 1010 
size = 2 

output = 0000 0000 0010, sign=0 

In SGXMOD=INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. sign takes the inverse of 
the size-th bit. For example: 

data = loio 1010 1010 

size = 0 

output = 1111 im 1111^ sign = i 

In SGXMODE=DIFMAG, if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
While all those above remain unchanged. if the size-th bit 
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IS one. all bits remain unchanged. In both cases, sign 
takes the inverse of the size-th bit. This is used . for 

Obtaining the magnitude of AC difference values For 

example: 

data = 0000 1010 lOlO 
size =2 

output = 0000 1010 1101. sign = l 

data = 0000 1010 1010 
size = 1 

output = 0000 1010 1010, sign = 0 

in SGXMODE=DIFCOMP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, vhile 
all those below (and including, remain unchanged. sign 
takes the inverse of the size-th bit. This is used for 
Obtaining two's compliment values for DC difference values 
For example: 

data = 1010 1010 1010 
size = 0 

output = 1111 1111 1110, sign = i 
B.3-5 Condition Codes 

There are two bytes (16 bits, of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code 
the zero condition code, the Extension condition code and 
a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
When the Parser issues an instruction to do so, and for 
each. Of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simniw *-u« 

AS simply the sign extend sign 

output latched, while the Zero condii^^^r. 

" conaition code is set to 1 

if the input to the A register is zero. The Extension 
condition code is the input extension bit latched 

regardless of OUTSRC. 



condition codes may be used to evaluate certain condition 
types : 

■result equals constant - use subtract and Zero 
cond it ion 

result equals register value - use subtract and 
Zero condition 

•register equals constant - use subtract and Zero 
condition . 

■register bit set - use sign extend and Sign condition 
■result bit set - use sign extend and Sign condition 
Note that when using the sign extend, and Sign condition 
code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND. 

The Change Detect bit. in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. a 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) . A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_start, Pattern_Code , Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below, it 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI. a number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but form 
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part of the address map for the UPI . some multi-byte 
locations (denoted in the table by "O" for oversize) have 
a single ALU address, but multiple UPI addresses. 
Similarly, groups of registers which are indexed by the 
component count, cc (Indicated by I" in the table) are 
treated as a single location by the ALU- This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
are denoted in the table by "M", and those which are also 
lf\ counters (n-bit) are annotated with Cn. 

^" present invention, certain locations have their 

contents hardwired to other parts of the Huffman sub- 
□ system-coding standard, two r-size locations, and a single 

location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through cc 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T"), 
i.e.. not only through the keyhole registers. These two 
33 locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the tao" repeated sections give 
the variations for JPEG and H.261 respectively. 
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Huttman Register File Address Map 
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37 


ac nuft 3 j 


M.I 


79 


hi 


1 1 




3a 


tqO 




M.I 


7A 


h2 


I J 




39 






M.I 


78 


h3 


1 1 


1 |3A 


tq2 




M,l 


7C 


vO 






36 


tQ3 




M.I 


70 


vl 






3C 


CO 




M.I 


7E 


^2 III 




30 


cl 




M.I 


7f 


1 ! 1 



Table B.3.1 Table 1: Huffman Register P 
JPEG Variations: 



ile Address Map 



ra 



lii 





10 


horiz pels 1 






1 1 

( 1 


horiz pels 0 






12 


vcn pels 1 






13 


vcn pels 0 






14 


buff size 1 








buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 




18 


bit rate 1 






19 


bit rate 0 






lA 


pic rate 






IB 


constrained 






IC 


picture type 






ID 


H261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay 1 






21 


vbv delay 0 






22 


pending frame ch 






23 


resian index 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max V 






28 








29 








2A 







Table B.3.2 JPEG Variations 
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H,261 Variations 



ru 





^« I- 1 - 




2C 


firsc scan 






2D 


m picture 






2E 


rom control 






2F 


rom revision 




Table B.3 


.2 JPEG Variations 




horiz pels 1 


- — 




11 


horiz pels 0 






12 


ven pels 1 






13 


ven pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 


1 

1 




17 


bit rate 2 






18 


bit rate I 






19 


bit rate 0 






lA 


pic rate 






IB 


constrained 






IC 


picture type 






ID 


ti2tl picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


full pel fwd 






23 


full pel bwd 








nonz mb copy 






25 


pic number 




26 


max h 






27 


max V 






Z8 








19 








lA 








!B i 


n gob 1 



# 
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2C 


first group 






2D 


in picture 






2E 


rom control 






2F 


torn revision 


1 



Table B.3,3 H.261 Variations 



ru 
f;3 



10 



B.3.7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus 1 for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 
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Description 



Biu 



njn. sign, A register as 6 bits 



I COW 



zero. zero. A register 



COOl 



zero. zero. A register is 8 bits 



OOiO 



run. sign and 



level output) 



ZZADDU4 |zero.zero.ad(jer o/p ms 4 bits 



ZINPUT 
RSSGX 



zero, input data 
run, sign, sign extend o/p 



00 II 



0 ! CO ■' 
101 1! 



run, sign, adder o/p 



lOCO 



run, zero, adder o/p 



1001 



input run, zero, adder output 



ZSADD 



zero, sign, adder o/p 



lOiO 



ZZADD 



zero. zero, adder o/p 



lOi 



RECADDR 
REGSRC 



NONE 



00-7F 



no vaJid output • out_valid set to zero 



register file address for ALU access 



1 1 XX 



7 bits 



ADD 



REGMODE 



SGX 
READ 
WRITE 



drive adder o/p onto register file i/p 



drive sign extend o/p on to register f"ile i/p 
read from register file 



1 

o" 



write to register file 



C.NGDET 



TEST 



update change detect if REGMODE is 
WRITE 



i.cr.ange 
detect) 



HOLD 
CLEAR 



do not update change detect bit 
reset change detect if REGMODE is READ 



Table B.3.4 Table 2: Huffman ALU 
microinstruction fields 
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RUNSRC 


K U liN 
r\UU 


dnve run Up onto run register i/o 
dnve adder o/p onto run register v'p 


1 0 

1 1 


RUNMODE 


LOAD 


update run register i p; — 




HOLD 


do not update run register ' j — "j — 


ASRC 


ADD 


drive adder o/p onto A register i/p 


1 00 


(A register 


INPUT 


dnve input data onto A register i/p 


1 01 


source) 


sex 


dnve sign extend o/p onto A register i/p 


1 '0 




REG 


dnve register file o/p onto A register i/p 


1 ' ' 


1 A.MUUt |LOAD 


update A register 


1 0 1 




HOLD 


do not update A register | j j 


SCXMODE 


NORMAL 


sign extend with sign 


HA 
1 UU 


(sign extend 


INVERSE 


sign extend with -sign 


1 


mode - see 


difmag 


invert lower bits if sign bit is 0 


1 


section 4) 


DIFCOMP 


sign extend with -sign from next hir im 


1 I 


SIZESRC 


CONST 


dnve const, i/p onto si«^n extenrf cit- i/n 


1 00 


(source for 


A 


drive A register onto si^n exrenri ei-r- ;/« 


01 1 


sign extend 


REG 


dnve reg.fUe o/o onto si^n exr^nH ;/« 


10 


size input) 


RUN 


drive run ree. onto sien extend <:i7p ;/n 


t t 

1 1 


SGXSRC 


INPUT 


dnve input data onto sign extend data i/p 


1 0 


(sgx input) 


A 


dnve A rCfflSfer Onfn cicm ^v^rAn^ i>4<«*'« ■ 

wkA^w i-v ib^idicii uniu sign cxteno oata i/p 


1 . 

1 ' 


ADDMODE 


ADD 


inputl + input2 


1 000 


(adder mode 


ADC 


inputl + input2 + 1 


1 001 


see sect. 3) 


SBC 


inputl - input2 - 1 


010 




SUB 


inputl - input2 


on 




TCI 


SUB if input2<0. else ADD - 2 s comp. 


100 




DCD 


ADC if input2<0, else ADD • DC diff 


lOl 




VRA 


ADC if input l<0, else SBC-vec rcsid add 


1 10 


ADDSRCl 


A 


drive A register onto adder input 1 | 


00 I 


(source for 


REG 


drive register file o/p onto adder i/p 1 | 


01 


adder i/p I - 


INPUT ( 


drive iriput data onto adder input I | 


10 


non-invca) ; 


ZERO ( 


irive zero onto adder input 1 1 


11 


ADDSRC2 ( 


ZONST c 


irive constant i/p onto adder input'' | 


00 


(source for / 


^ c 


Irive A register onto adder input2 | 


01 i 


»nvcmng | 


NPUT c 


Irive input data onto adder inpuLZ 1 


10 1 


mput) 1 


l£G c 


Irive register file o/p onto adder i/'p2 


" i 


CNDC- 
MODE 


PEST L 


ipdaie condition codes 


0 j 



Table B.3.4 Table 2: Huffman ALU microinstruction fields 
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(cond. codes) 


HOLD 


do not update condition codes | i 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and ripple 


001 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset ail counters in mb structure 


Oil 




DISABLE 


disable all counters 


r I XX 


INSTMODE 


MULTI 


Iterate current instr muiti times 


0 




SINGLE 


single cycle instruction onlv 


1 



le 2: Huffman ALU microinstructi 
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SECTION B.4 Buffer Manager 
B • 4 • 1 ZntroductioB 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
^the present invention (ben«n) . 
B.4«2 Overview 

The buffer manager provides four addresses for the DRAW 
interface. These addresses are page addresses in the DRAM. 
The DRAM interface maintains two FiFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a Write address for 
each buffer. 
B.4.3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address, (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4,4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers: - 

Initialization registers (RW from microprocessor) 

" BASECB - base address of coded data buffer 

*. LENGTHCB - maximum size (in pages of coded data 

buffer 

• BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

•LIMIT - size (in pages) of the DRAM. 

Dynamic registers (RO from microprocessor) 

• READCB - coded data buffer read pointer relative to 
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BASECB 

• KUMBERCB - coded data buffer write pointer relative 
to READCB 

• READTB - token data buffer read pointer relative to 
BASETB 

• KUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses:* 

readaddr - (BASE ^ READ) mod LIMIT 

writeaddr « (((READ + NUMBER) mod LENGTH) + BASE) mod 
LIMIT 

The ••mod LIMIT** term is used because a buffer nay wrap 
around DRAM. 

B.4.5 Block Description 

In the present invention, and as shown in Figure 127, the 
Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are baprtim* (prioritize) , 
bainst.r (instruction), and barttcaic (recalculate) are arranged 
in a ring of that order and omsnoop (snoopers) is arranged 
on the address outputs. The module , a«prtia* , deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 
bainstr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buffer manager registers. 

The module, Bainstr, on being told by baprtisc to calculate 
an address, issues six instructions (one every two cycles) 
to control bar«caic to calculating an address. 

The nodule, ter«c«ic, recalculates the addresses under the 
instruction of bsinstr. Running an instruction every two 
cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sbapr^is« of FULL/EMPTY 
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States it detects and when it has finished calculating an 
address. • • 

B.4.6 Block Implementation 
B. 4.6.1 Bmprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up of the initialization 
registers. while buf_access . reads back one. no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

Once buf_access is de-asserted (write zero to it) b.prtize 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
-.4 valid. At this stage, the Buffer Manager is "starting up" 

j all addresses have not yet been calculated), thus, 

15 no requests are asserted. Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated. 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly. b.prti,e will recalculate 
any invalid address that is not currently being calculated. 

in the invention, start-up will be re-entered whenever 
buf_access is asserted and. therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
30 accesses. 

B.4.6. 2 Bminstr 

The module. B-i„str, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address). Note 
that even cycles start an instruction, whereas odd cycles 
3= end an instruction. The top 3 bits along with whether it 
IS a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 
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For read addresses 



b 
ru 

f - 




Table B,4.x Read address calculation 

For write addresses: 



Cycle 


Operaoon 


ausA 


BusB 


Result 


Meaning zt 
result's si;n 


0-1 


1 AOO 


NUMBER 


1 HEAD 


i 


2-3 


MOD 


Accum 


1 LIMIT 




1 i 


4-5 


AOO 


Accum 


BASE 


1 i 


6-7 


MOO 


Accym 


UMIT 


Addre&s 1 1 
1 ! 


8-9 


ADO 


NUMSSR 


T 


NUMBER 1 1 


lO-n 


MOO 


Accum - 


LENGTH 




SET_FULL 
(NUMBER 

! 

J 

LENGTH) ! 



Table B,-4;2 For write address calculati 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The Doduie, Bmrecalc, performs one operation every two 
Clock cycles. It latches in the instruction from bn.in.tr 
(and which buffer and io type) on an even counter cycle 
{start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle (end_a lu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, b.recaic informs b.prti^e as to whether 
the use of the address just calculated will make the buffer 
full or enpty, and when the address and full/empty has been 
successfully calculated (load_addr) . 

Full/empty are calculated using the sign bit of the 
operation's result. 

The modulus operation is not a true modulus, but A mod B 
|;3 is implemented as: 

^"^ ( A>B? (A-B) : A) 

however this is only wrong when 
A> (28-1) 
25." which will never occur. 

B . 4 . 6 . 4 Bmsnoop 

The module, B«.noop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e.. can be 
accessed with the clocks running) to allow on chip testing 
of. the external DRAM. ■ These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
33 wire protocol because it is essential to transmit 
information (i.e., acknowledges) back to the sender which 
an accept will not do). Hence, this rigorously monitors 
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the FIFO pointers. 
B.4.7 Registers 

TO gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access win be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 
initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 




Keynote Register Name 


1 Usage 


Key hole Address 


CE0,9UF.C8,8ASe.3 




OxOO 


1 Cc0.eUF_C8.8ASE.2 




0x01 


1 CEO.BUF.CB.BASE.I 


OOOOOOCD 


0x02 


CEO,8UF.CB,BASS,0 


ooooocoo 


03t03 


CEO.eUF.CB.LENG-m.a 




0x04 


CE0.3UF,C8.LENGT>I_2 




0x05 


CE0.3UF.CB.LENGTH. T 


00000000 


0x06 1 


CEO.BUF.CB.LENGTM^O 


00000000 


0x07 j 


Cc0.9UF,C8_READ.3 




0x08 1 



CED.9UF,C8,REAO_2 



xxarjomOO 



0x09 



CEr.s'JF.CB.REAO,! 



OOOOOCOO 



Oxoa 



C£0_3UF.C8.REAO.O 



scooooco 



OxOb 



CSC_3UF_C9_NUM8ER_3 



TTTTTT.XJC 



OrOc 



Table B.4,4 Registers in buffer 



manager keyhole 
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Keynote flegrsrer Name 


Usage 






CED.SUP.C3.NUM6e3.2 




1 U'Uu 




CcO.SUP_CB_NUMe£.=^.t 


DD3330D0 


1 uxue 




CEO_9UF.C8.NUM6=r^_0 




OxOf 




j CEO_3UF_TB_8ASc.3 


1 XXXXXXXX 


Ox 10 




CEO BUF 73 SAS? 2 


xxxxxxOO 


0x11 


o 

as, 


CED,BUF,TS.9ASc.l 




0x12 




C£D,9UF,TB_SAS£.0 


32203300 


I 0x13 


-1 


CHD.3UF.T3_LENGTH_3 


xxxxxxxx 


0x14 [ 




CE0.SUF.TB.LENGT>I_2 


- xxxxxxOD 


0x15 ! 


U i 


CEO.BUF.TB.LENGTH,! 


OOOOCOOO 


0x16 j 


rU" 


C £ 0.8UF,Ta.L£NG TH.O 


0OC3C0OO 


0x17 j 




CE0_BUF_T3_R£A0_3 


xxxxxxxx 


0x18 




CEO_3UF_TS.REAO_2 


xxxxxxOD 


0x19 j 


ru 


CED.BUF.T3_R£A0.1 


0C330300 


Oxia 1 




C£D,aUF.TB.R£AO.O 


33000000 


Oxib 1 


S s 


Cc0.8UF.TB.NUM8£R_3 | xxxxxxxx 


Oxic 




C£0_BUF,TB_NUM6Efl.2 


xncaocxOD 


Oxid I 




CED_BUF_TB_NUM8ER.l 


00030000 


Oxie { 




C £ O.BU F.TB.NUM8 ER.O 


ocoooooo 


Oxif 1 




CED.BUF_UMIT.3 | 




0x20 1 

1 




C£0_8UF.UM1T.2 


XXXJOCXOO 1 


0x21 t 

p 




CEO.BUF.UMIT.I 


ODOOOOOO 


0x22 1 




CEO.BUF.UMIT.O 


00000000 1 


0x23 




CED.BUF.CSR j 


xxxxOOOO 1 


0x24 1 



Table B.4.4 Registers in buffer 



manager keyhole 



B-4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a duminy DRAM interface, and in C-code as part of the top 
le.vel chip simulation. 
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B.4.9 Testing 

Test coverage to the b-.a is through the snoopers in 
b«noop, the dynamic registers (shown in B.4.4) and using the 
scan Chain which is part of the DRAM interface scan chain 



SECTION B.5 Inverse Modeler 
Introduction 
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This document describes th. 
implementation of th. r Purpose, actions and 

-Ken ror.atte/ IT.' ^^^^^^ -e 

invention. "^^^^ ' ^-=ordance with the present 

oecreV. ^u^'nct •o:ait;r:t?tre r °^ 

therefore, better di. Inverse Modeller. it 

overview in this section. 



The Token buffer, which is between th. 
"n contain a great deal of data ai? - ""^ 
ensure that efficient use is Jd / V To 
-St be in a is bit forJt rl '"^'^ ^^^a 

fro. the Huffman Decoder ■into%?"''''' ^^^^ 
--er. subsequently, the .^rModTr^ 
from the Token buffer format "unpacks" data 

However, the Inverse Modeller'. . • 
expanding out of "run/level" coH • " ^""^^ion is the 
followed by a level lUl " '^"^ °^ ^^^^a 

ensures that OATA tokens have^rt^Ye'' t'^^ "^^^^^ 
it provides a "gate" for .^o coefficients and 

-t their start-up criteria ^''"^ ''^'^'"^ '^''^^ not 
B . 5 . 3 Int#»»-f 



Interfaces 
B-5.3.1 Hsppk 



In the present invention o 

" input and the Token buffer aT '^^'=°^- 

-^e Of the two-Wire type ll' interfaces 
port, the output being i. .L :Zl\"^'''' ' 

in addition,' Hsppk isTirke:"/"' ^ 

ciock. generator and, thus,- connected T """"" 
Chain. onnected to the Huffman scan 



B.S.3.2 



i-odei has the Token buffer starr 

as inputs and the Inversl o'' ^"'^ 
Input from the Token buffer is is l- "^"'^ " output. 
block_end signal, from the ..o,x is "^'"^"^ 

IS one wirestream_enable. 



m 
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output is an 11 bit token port. All int... 
controlled .y ..^ t.o-.ire interface P ocol xloZ T 
xts own Clock generator and scan chain ' 
Both blocks have microprocessor access only to th 
5 snoopers at their outputs. 
B.S.4 Block description 
B.5.4.1 HsppX 

HsppK takes in the 17 bit data fro. the Huffman and 

outputs 16 bit data to the Token buffer. This is ach. . 

10 by first, either truncating or splitt^na th. 

u-^ ^ splitting the input data 

B.5.4. !■ 1 Splitl-Snrj 

Hsppk receives 17 bit datA 

is da— ^- - Inverse Huffman, 

formats 



15 



This data f ^""^ Inverse Huffman, 

inis data is formatted into ly k^i^^ 

formats. ""'^^ "^^""^ following 



U Where F = specifies format; E = extension bit- R - Run 

j.^ bit; L = length - .• ^ '^"^ 

P ^ = don't care. 



_ , ' " - '=*'-ension bit; R = Run 

L = length bit (in sign mag.) or non-DATA token bif 
lon't care. 

2 0 FLLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat Oa 
FRRRRRRo 00 00 Format i 

forT"' """"^ """" "-in, ..e 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 
However, DATA tokens have a run soh = i 
the form: ^ ^" 

ERRRRRRLLLLLLLLLLL . 
'0 This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- > FRRRRRrq OOOOFormat l 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format o is used- 
EO 0 0 0 0 0 LLLLLLLLLLL- > FLLLLLLLLLLLForma t ' 0 
- It can be seen that in the format o,the extension bit is 

lost and assumed to be one. Therefore, it cannot be used 
Where the extension is zero. m this case, format 1 .s 
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unconditionally used . 

Packing 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



m 
m 



Input woros 



Outout words 



OOOOOOOOOOCO 1 OOOOOOOOOCCCllll 


llllilllllll 


1111111122222222 


22222:22:222 


2222333333333 333 


333333333333 





Table B.5.1 Packing method 



10 



15 



B. 5. 4. 1.3 F lushing of the buffer 

The DRAM interface of the present invention collects a 
block. 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 
DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .a.ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B.S.4. 2.1 imixo fUnPacker^ 

Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input words • 


Outout words 


OCCCOCOOCOOOllll 


000000000000 


1111111122222222 


iiuiiiiiii: 


2222333333333333 


222222222222 


1 333333333333 



Table B.5.2 Unpacking aethod 



ilJ 
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5)Maintaining correct data during flushing of the 
Token buffer. • • 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block. 

6) Holding back data until Start-up Criteria are met. 
output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up each different stream. Consequently, twelve bit 
•'i data is output to hsppk. 
sj B.5>4,2 .2 inex (EXoander) 

invention, i.ex expands out all run length codes 
j-g 1^ into runs of zeros followed by a level. 

i;ri B.5.4.2 .3 Imoad (PADderl 

loipad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
2 0 over 64 words in the body. 
{;3 B.S.5 Block implementation 

H B. 5.5.1 Ksppk 

Typically, both the Splitting and packing is done in a 
single cycle. 

2 5 B. 5. 5. 1.1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat == i) use format Oa ; 
ELSE IF (run == 0) use format 0; 
^0 ELSE use format 1; 

ELSE use format Oa; 
and format bit determined 
format 0 format bit = 0; 
format Oa format bit = extension bit; 

3 5 format 1 format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 

B . 5 > 5 . 1 . 2 P acking 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word 
If thxs is not valid, then the output is not valid. The 
procedure is: 




ooooooooooocii:: 

222222222:22 I 33 333 33333 33 | 222 2 3 3 3 » 1 . n . , . n 



Table B.S.3 Paclcing procedure 



10 



15 



20 



Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid . 

The valid cycle number is maintained by a ring counter 
It IS incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3 
the flush signal must be delayed a valid cycle to ensure 

the token itself it output. 

B.S.5.2 lAodel 

B5 , 5 . 2 . 1 Imup (Unpac)cer) 

AS with the packer, the last valid input is stored, and 

conbined with the next input, allows unpacking. 
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vaho cycie 0 



j vaitd cycfe i 
! 'aiid cycle 2 
I vaito cyc:e 3 



J. Succeecngword | Held Wortf 



Unpacked wcrr | 
xxxjoocxxxxxxxxxx I 0000000003:2 

ooccocooooooii:i 



2222333: 
I 2222333333333333 



^122222222 



222222222: 



^111111122222222 | 333333333333 ( 



Table B.5.4 Unpacicing procedure 

Where x indicates undefined bits 

are decoded from the unpacked data 

format . databody ,for„atbit lastf ormatg it , 
for token decodin, and to be passed on to .... 

r; rt"-"-^-^' 

^-il t.e Moc; Vnd stnarrr"".'^"'^ '""^ 
interface. " --eceived from the DRAM 

In accordance with the present invention i... . , 
s«« machine to expand run/level codes o^t " t " 
nachine is: state 

•stateo: load run count from run code, 
state 1: decrement run count, outputting zeros 
state 2: input data and output levels; default state 
state 3: illegal state. 

x-P*d is informed of DATA Token headers by i... Next 
counts the number of coefficients in the body of "the token 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them 
DATA tokens with 64 or more coefficients are not affected 
by iapad . 



''"'4 

i'U 
G 
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O 
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B*S.6 Registers 

The i-od.i and h.ppu of the present invention do not have 
microprocessor registers, with the exception of their 



snooper . 



Regtsier Name 


Usag« 


Address 


CE0.H.SNP.2 


VAxnouoc 


0x49 


C£O.H_SNP_i 


DOCDCCCO 


Ox4a 


CED.H.SNP.O 


oocococo 


Ox4b 


CEDJM.SNP.I 




0x4a 


CED_IM_SNP_0 


ooooccco 


Ox4d 



Table B»5,5 



Imodel & hsppk registers 



Where V = valid bit; A = accept bit; E = extension bit; 
D = data bit. 

B.5.7 Verification 

selected streams run through Lsim simulations. 
B.S.8 Testing 

Test coverage to the i.od.1 at the input is through the 
Token buffer output snooper, and at the output through the 
x-od.i's own snooper. Logic is covered the i.od.i's own scan 

Chain. 

The output of the h.ppK is accessible through the huff man 
output snooper. The logic is visible through the huff man 
scan chain. 
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SECTION B,6 Buffer SUrt*up 

B • € • 1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B.i.2 Overviev 

To ensure that a stream of pictures can . be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition. The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the ••Buffer Start-up'^ to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met, 
B.€.3 Interfaces 

Bscatbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogl (Buffer Start-up Output Gate Logic) . 
BS09I via a two-wire interface controls laup (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.(.4 Block Structtire 

As shovm in Figure 130, ascntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, bsogi is* informed. 
Data is unaffected by bsco^it. 

Bsogl lies between bsc&tbit and iaup (in the inverse 
modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
xn the data stream at i.up, , when another "indicator" is 
accepted by i.up. if the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
target) the stream in i.up is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in b.o,i and 

allowing the microprocessor to monitor the queue. Theso 

queue mechanisms are referred to as internal and external 

queues respectively. 

B.6.S Block Implementation 

B.6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

B,=„tbit counts all the valid words that are input into 
the buffer start-up. The counter (b.ctr) is a programmable 
counter of 16-24 bits width. Moreover, b.cr has carry look 
ahead circuitry to give it sufficient speed. B.ctr's width 
IS programmed by ced_bs_prescale . it does this by forcing 
bits 8-16 high. Which makes them always pass a carry. They 
are. therefore, effectively not used. Only the top eight 
bits of b.ctr are used for comparisons with the target 
(ced_bs_target ) . 

The comparison (ced_bs_count >=ced_bs_target) is done by 

bscfflp . 

The target is derived from the stream when the stream is 
in the Huffman Decoder and calculated by the 
microprocessor. it will, therefore, only be set sometime 
after the start of the stream. Before start-up. the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
place. When the comparison shows ced_bs_count >= 

ced_bs_target, target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. m addition, counting is 
disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream ' ends (i.e., a flush) is detected in 
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10 



H 15 

Q 

m 



H 2 0 

□ 

1.^ 



" "s-(l"sh_eve„t is ,enerat:ed. i( the 
ends before che ..r,et is „et, en additional event is 
generated <bs.nush..e,ore.ta.,et.»et.event, . When any H 
" — is stalled. This allows thi 

. e. to „=o„„ence the search for th, ne.t strea^-s tar, t 

either ' -=-"-^---^ore.tar,et.„et.event eve^: 

l)write a target of zero which will force a target_n,et 

21 note that target was not n,et and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly 
B...5.2 BSOOL (buffer start-up Output gat. logic) 

that'a'T""'' """i^-^- - a gueue of indicators 

that a stream has met its target. The gueue type is set by 
ced.bs gueue ,internal(0, or external(l„. This is a reset 
to select an internal queue. The depth of the gueue 
determines the maximum number of satisfied streams that can 
b. in the coded data buffer, Huffman, and token buffer 
When this number is reached (i = "er. 

, ^ reached (i.e. the queue is full) b.oai 

"ill force the datapath to stall at b.„i.„. 

using an internal gueue requires no action from the 

microprocessor. Ho r. if it is necessary to increasi 

the depth Of the qu.u xternal queue can be set 

shl::' r/-^'-""" " " ced.bs.,ueue which 

enable. ' , " ' and stream_end event 

enabled and access relinquished) . 

The external queue (a count maintained by the 
..croprocessoD is inserted into the internal queue. The 
external queue is. maintained by two events. 

target_met event and stream end event tk^^ 

- _«""_event. These can simply be 

referred to as service_queue_input and service queue output 
respectively^ and a register ced_bs_enable nx^ strelm. In 
effect, target_met_event is the up stream "end of the 
internal queue supplying the queue. Similarly, 
ced_bs_enable_nxt_stream is the down stream end of the 
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internal queue consunning the queue. Similarly, 
stream_end_event is a request to supply the down stream queue; 
stream_end_event resets ced_bs_enable_nxt_stream. The two 
5 events should be serviced as follows: 

r TARGET_MET_EVENT */ 
j= micro.read(CED_BS_ENABLE_NEXT_STM); 
if (j == 0) /*ls next stream enabled ?*/ 
{/*no, enable it*/ 
10 micro_write(CED_BS_ENABLE_NXT_STM. 1); 

_ printf(" enable next stream (queue = Ox%x))0 \n", (context->queue)); 

O 

''■Q } 
H 

''■4 else /*yes, increment the queue of "target_met" streams*/ 

Q { 

m 

tU 15 queue++; 

printf(" stream already enabled (queue = Ox%x) \n", (context- 
>queue)); 
} 

/* STREAM_EVENT */ 
20 if (queue > 01) /*are there any "target_mets" left? */ 

{/*yes, decrement the que and enable another stream */ 
queue-; 

micro.whte (CED_BS_ENABLE„NXT_STM, 1); 
printf(* enable next stream (queue = Ox%x) \n*, (context->queue)); 

25 } 

else 

printf(" queue empty cannot enable next stream (queue = Ox%x) \n", 
queue); 

micro_write(CED_EVENT_1, 1 « BS_STREAM_END_EVENT); /** clear 
30 event 

*/ 



ru 
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The queue type can be changed from internal to external 
at any time (by the means described above), but they can 
only be changed external to internal when the external 
queue is empty (from above ••queue==0" ) , by setting 
ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met_event and stream_end_event masked, and 
access relinquished. 

on the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. m this way, all streams will 
always be enabled. 
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B.6.6 Micr 



©processor registers 



ru 



flegisier name 



CEO.BS.ACCESS 



C=D.9S_PR£SCAL£- 



CE0_3S.TARGET' 



CED.aS.COUNT- 



SS.FLUSH.EVENT 



3S,?LUSH_MASK 



Usage 



xxx»xxO 



xxxxxDDD 



00000000 



00000030 



rrrrrOrr 



rrrrrOrr 



BS,?LUSH.3eF0fl£.rAflG£T_Me 
T.EVENT 



rrrrOrr: 



aS.FLUSH.3£rORE.TARG£T.M£ 
T.MASK 



rrrrOrrr 



Adcress 



OxtO 



Oxti 



0x12 



0x13 



0x02 



0x03 



0x02 



0x03 



Table B.6*i Bscntbit registers 



1 Register n«mc 


1 Usage 




Address 1 


TARGET.MET.EVENT 


rrrOrrrr 




0x02 1 


TARG5T_MET_MASK 


rrrOrrrr 




1 0x03 j 


j STR£AM.ENO.EVENT 




0x02 1 


( STR£AM.£NO.MASK 






0x03 1 


Table B.6.2 B«ogi regij 


3t< 


jrs 


Regisier name 


Usage 


Address j 


C£D.3S,QUEU£- j 


XXXJCXXXO 


1 


0x14 1 


CHO.BS.ENABLE.NXT.STXr 


xxxxxxxO 


1 


OxtS j 



Tabl£.5.2 Baofflregisters 
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where 

• D is a register bit 

• X is a non-existent register bit 

■ r is a reserved register bit 

•to gain access to these registers ced_bs_access must be 
set to one and polled until it reads' back one, unless in an 
interrupt service routine. Access is given up by setting 
ced_bs_access' to zero. 
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SECTION B.7 The DRAM Interface 

B.7.1 Overview 

In the present invention, the Spatial Decoder. Temporal 
Decoder and Video Formatter each contain a DRAM interface 
block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Or and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
is essentially the same as the operation of the Spatial 
Decoder DRAM Interface, This is illustrated in Figure 13 i, 
"DRAM Interface,". 
B.7.2 A Generic DRAK Interface 

Referring to Figure 131, the interfaces to the address 
generator 42 0 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 
two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 
period. Thus, it implements a request/acknowledge. 

(REQ/ACK) protocol . 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 
other. For example, the address generator may generate an 
address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 
taken until an address is supplied on the appropriate bus 
from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 



properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM Interface contains a method of determining 
which swing buffer it will service next. In general^ this 
will be either a '•round robin", in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 
which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 
via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 132 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in) . As 
each piece of data is accepted it is written into RAMI 
and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 
between two asynchronous clock regimes, and so passes 
through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 
that it is the turn of this swing buffer to be read, 
the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2), to indicate that RAMI is now ready to be filled 
again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 
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be accepted by the swing buffer continually, otherwise 
When RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 
5 6)This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B.7.2.2 Addressing of External DRAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
10 memory bandwidth. Consequently, it is arranged so that 
each 8x3 block of data is stored in the same DRAM page In 
I this way full use can be made of DRAM fast page access 

"^^^^ address is supplied followed by many 

column addresses. m addition, a facility is provided to 
lo allow the data bus to the external DRAM to be 8, 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application . 

In this example (which is exactly how the DRAM Interface 
on the spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself, and 
these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 22 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
covered separately below. 
B.7.3 DRAM Interface Timing 

-In the present invention, the DRAM Interface Timing block 
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uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period 
TWO quadrature clocks from the phase locked loop are used 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

on reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 
B.B.i Introduction 



This document describes the purpose action, 

inplementation of tho i« '^pose, actions and 

iun or tne inverse auantizpj- /: \ ; « 

^ith the ores^ni- <5"^nti2er, (.„ in accordance 



with the present invention 
Overview 

The inverse quantizer reconstructs coefficients from 
::::s"^^^ 7-—- quantization .eights and 3 ^ 

oJ'n th'T "^"^^^^ -verse 

Data::,, """^^^^^ ^° ^ Microprocessor. 

Datapath connections are via two-wire interfaces. input 
data is 10 bits Wide, output is 11 bits wide. 
B.8. 4 Mathematics of inverse Quantization 
B-8.4.1 H261 Equations 

For blocks coded in intra mode: 



C; . 'q.quam_scal«(20.*„,„(g.,j 
C. - C; -/.>n^C.] C « ev«n 
■ C, c - odd 
C, • m»<«{<nax(C,.-204a).2047) 



0 < I < S4 



For all other coded blocks: 



C. . iq_quant_jcale(2c2.*/,,„(Q.,j 
C; - C.-i.>«(c,') C - ev,„ 
q - c; C . Odd 

C. - ""'nCmaxCC; .-2046)^047) 



0 S I < 54 
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B.8.4.2 JPEG Equations 



^; ' ^^,;0, 0</<64 

i » iPeg,iaW«_in(jirection(c) 



■'J 
3 y 



ru 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode; 



=• C » Odd 



0 < I < 64 

y = 0. 2 



. 1 024 is added in intra DC case to account 



for all other coded blocks : 



for predictors in huffman being reset to 



16 



Ci - C, C; . odd 

C; a mm(mar(C..-204a)^047) 

8.8.4.4 JPEG Vartatten Equation, 



zero. 



0 < r < 64 

/■ =» I. 3 



1024 



^ 16 o<i< 



64 



C; - '^'«('nfl-r(C...2048)^047) 
y - fP«a-taWe.indjr»aion(c) 



498 

B.8.4.S All other tokens 

All tokens except DATA Tokens must pass through the iq 
unquantized 
Where : 



('^ a<0 
iignig) « jo a ^ 0 

* a>b 

Floor(a) returns an integer such that: 

(tf- 1} <floor{o) a^O 
a ^ floor (a) < (fl ♦ 1) 

Qi are the quantized coefficients. 
C| are the reconstnjcted coeffidents 
Wi,, are the values in the quantisation table matrices 
i is the coeffioent index along the zig-zag 
i is the quantisation tabfe matrix number (0 <= j <=3) 
B.8.4.6 Multiple Standards combined 

It can t,e shown tha. a., me above standards and .heir varianons (also control .ata 
must be unchanged by the i,) can be mapped on ,o single equafon: 

OUTPUT m _(2INPLrT^>t) (jcy) 
16 

Wfih the additional post inverse quantisation funaions of : 
•Add 1024 

•Convert from sign magnitude to Zs complement representation. 
•Round all even numbers to the nearest odd number towards zero. 
•Saturate resutt to ^2047 or -2048. 

The variables tx and y for each variation of the era nHarw-. ^ ^. . 

7 «ii«iuon or me standards and which functions they use :s 

shown in TaWe B.S.I. 
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B.B.4m€ Nultipltt 8tmnd«rds ooabia«d 
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Tabltt B.8.1 Control decoding 

B.8.5 BlocJt Structure 

From B.8,4,6 and Table B,8,l, it can be seen that a 
single architecture can be used for a multi-standard 
inverse quantizer- Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 

• Decoding of tokens to load status registers or 

quantization tables. 

•Decoding of the status registers into control 
signals . 

Tokens are decoded in iqc« which controls the next cycle, 
i.e., iqcb's bank of registers. It also controls the access 
to the four quantization tables in igras. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqarith. The complete block diagram for the iq is shown in 
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Figure 134. 

B.t.C Block lBplM«ntatlon 

In the invention, iqea is a state machine used to decode 
tokens into control signals for igra. and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_SCALE (see B.8.7.4, "QUANT_SCALE" ) 
and QUANT_TABLE (see B,8i7.6, -QUANT_TABLE" ) are as 
follows: 

if ( tok«nh««d«r QUANT.SCALE) 

( 

sprintf (pr«port. •QUANT.SCALE* ) ; 
reg.addr • ADOR_IQ_QUANT.SCAL£; 
mocw m WRITE; 
enabi* - 1; 

) 

if (tokenheadcr QUANT.TABLE) /•QUAWT_TA3L£ zsker. v 

switch (subscacc) 

( 

cas« 0: /• qvancisacion table header •/ 
sprlntf (preport, •QUANT.TXBLE.Is.sO • . 

(headerexta ? •(fxilD* : -(empty)')); 
nextsubstate ■ X; 

insertnext • (headerexta ? 0 : 1) ; 
rcg.addr - ADOIUIQ.COMPONQn'; 
motw • WRITE; 
enable - I; 



^' «Iua„Usacioa cable body •/ 

nexcsubscate - i,. 

insTcnext - (h«der«cn ? 0 • 

iQCJii.addr.SJ a. O)). 

-eg^addr - USE_(?m; 

enable > i- 
breaks- 
default: 

sprintf fpreporc, -error ir. • 
<^u^scace txMn., ^^-tisacion cable co.end. 

substate) ; 



bj^eak; 
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Where a substate is a state within a token. QUANT SCALE 
has, for example, only one substate. However th 

The state machine is implemented as a PLA. Unrecognized 
tokens cause no wordline to rise and the PLA to Ltput 
default (harmless) controls. ^ 

Additionally, supplies addresses to 

Bodyword counter and inserts words into the stream, Zr 
example in an unextended QUANT_TABLE (see B.8 7 4) This 
IS achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data xn succeeding blocks (iqcb or iq.rith) . 

iqc. is a single cycle in the datapath controlled by two- 
wire interfaces. 
B . e . 6 . 2 iqcb 

in the invention, holds the i, status registers, 

under the control of i,c. it loads or unloads these from/to 
the datapath. 

The status registers are decoded (see Table B.8.1, into 
control wires for i^.^itn; to control the XV multiplier terms 
and the post quantization functions. 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 
words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq. 

The status registers are accessible from the 
microprocessor only when the register iq_access has been 
set to one and reads back one. m this situation, i,cb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb IS a single cycle in the datapath controlled by two 
•«'ire interfaces. 
B.8. £.3 zqram 

iqra. must hold up to four quantization table matrices 
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(QTM), each 64*8 bits. It is, therefore, a 256*8 bits six 
transistor RAM, capable of one read or one write per cycle. 
The RAM is enclosed by two-wire interface logic receiving 
its control and write data from iqca. It reads out data to 
5 iqaritb. Similarly, igraa occupies the same cycle in the 
datapath as iqcb. 

The RAM may be read and written from the microprocessor 
when iq_access reads back one. The RAM is placed behind a 
keyhole register, iq_qtm_keyhole and addressed by 
10 iq_qtm_keyhole_addr. Accessing iq_qtm_keyhole will cause 
the address to which it points, held in iq_qtm_keyhole_addr 
to be incremented. Likewise, iq_qtm_keyhole_addr can be 
written to directly. 



B. 8.6.4 iqarith 

' ' ^5 Note, iqarith is three functions pipelined and split over 

three cycles. The functions are discussed below (see 
Figure 133) . 
Z B,a>6,4.1 XY multiplier 

^ This is a 5(X) by 8(Y) bit carry save unsigned multiplier 

. feeding on to the datapath multiplier. The multiplier and 

2 multiplicand are selected with control wires from iqcb. The 

multiplication is in the first cycle, the resolving adder 

in the second. 

At the input to the multiplier, data from iqraro can be 
2 5 muxed onto the datapath to read a QUANT_TABLE out onto the 
datapath. 

B.e,6,4.2 fry)* datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 
30 Three partial products in the first cycle, seven in the 
second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
35 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 



^^^'^'^'3 Po3t qua ntization function*! 

The post quantization functions' are 
■Add 1024 

•Convert from sign magnitude to 2 ' s complement 
representation. 

•Round all even numbers to the nearest odd number 
towards zero . 

•Saturate result to +2047 or' -2048. 
•Set output to zero (see B,8.6,2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second and third cycles). From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



if dataoain > 0 



if cataoain > o 



Ccnveruo 2*5 ccrrioiernent I noming I .nven aod ore 



^ound all even numoers 



suotract one add one 



runciion 


- if daiasatn > 0 


>f Caiacain > o : 


Add 1024 


add 1024 


add 1C24 ; 

1 



Table B.8.2 Post quantization adder functions 

As win be appreciated by one of ordinary skill in the 
art; care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



inverse Quanti2er. In most cases, the Token is unmodified 
by the inverse Quanti2er with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
B.8.7.1 SEQUENCE_START 

This Token causes the registers iq_predict ion 

mode(l:0] and iq_nipeg_indirection[ l : o ) to be reset to zero. 

B . 8 . 7 . 2 CODING_STANDARD 

This Token causes iq_standard [ 1 : o ] to be loaded with the 

appropriate value based upon the current standard (MPEG, 

JPEG or H.2 61) being decoded. 

B . 8 . 7 . 3 PREDICTION_MODE 

This Token loads iq-predict ion_mode [ 1 : 0 ] . Although the 

PREDICTION_MODE Token carries more than two bits, the 

Inverse Quantizer only needs access to the two lowest order 

bits. These determine whether or not the block is intra 

coded . 

B . a . 7 . 4 QUAKT_SCALE 

This Token loads iq_quant_scale(4 : 0) . 
B . 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits Identifying the color component and these are loaded 
into iq_component(l:0]. The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 
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" "^^ - ^"os complement format (eleven bit 

p us . ^^^^^ ^ output wUi ne! 

the seme number of To.en Extension vords as it Had ^ L 
input Of the inverse Quantizer. 

B . 8 . 7 . 6 QUANT_TABLE 

This To.en may be used to load a new quantization table 
or to read, out an existing table. Typically, in the 
inverse Quantizer, the Token will be used to load a new 
t:able which has been decoded from the bit stream. The 
actxon Of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 

number that is to be used Th««« , 

• usea. These are placed in 

iq_componentr 1 : 0 1 . Note ^ha^- 

, ^ \, ^ ^^^t this register now contains a 

table number" not a color component. 

If the extension bit of the Token Head is one, th- 
inverse Quantizer expects there to be exactly sixty four" 

20 au interpreted as a 

20 quantization table value and placed in a successive 
oca.ion Of the appropriate table, starting at location 
eero. The ninth bit of each extension Token word is 
gnored. The Token is also passed to the output of the 
inverse Quantizer, unmodified, in the normal way. 

If the extension bit of the Token Head is zero, then the 
inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
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30 



becomes an extension Token word (the ninth bit will be 
"ro,. At the end of this operation, the Token will 
contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B . 8 . 7 . 7 JPEG_TABLE_SELECT 

This token is used to load or unload translations of 
components to table numbers to/from 
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iq_ipeg indirect ion . These 1'y=^r^c.^r.^i^ 

and other standards. ^-^-"s are used in JPec 

The ToKen Head contains two bits identifying the color 
component that is currently of interest. These are placed 
5 in iq_coinponent [ 1 : 0 ] . 

If the extension bit of the Token Head is one, the Token 
Should contain one extension word, the lowest two bits of 
" ^ ^ ^ ^ are written into the 
iq_ipeg_indirect ion [ 2* iq_component [ 1 : 0 ] *l : 2 *iq_component 
10 [1:0]] location. The value just read becon,es a Token 
extension word (the upper seven bits will be zero) . At the 
end Of this operation, the Token will contain exactly one 
Token extension word. 
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1 Cciouf comoonert in reacsf 


Bits o( •<i_-re;_:.->cif9c::; 




■ 


(':0I 




1 


[3:21 1 


2 1 


(SMI 


1 


3 


(7:6) 





Table B.8.3 JPEG_TABLE_S ELECT action 
15 B.a.7.8 MPEG_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
2ero of the header determines which bit if 
iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection( 1 : o ) register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 
transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
6.6.8.x iq_access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
5 one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and. therefore, not being stable. In the case of the igr.., 
the accesses are locked out, reading back zeros. 

writing zero to iq_access relinquishes control back to 
10 the datapath. 

B.8.8.2 lq_ccding_standard(i: 0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standarcl 


Coding Standard ] 
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MP£G ! 
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XXX 1 



15 



Table B,8.4 Coding standard values 

This register is loaded by the CODING^STANDARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and 
implementations can deal with more than 
standards. * ' 



future 
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B.8.8.3 Iq_mpeg_intlirectioh[i: 0] 

This two bit register is usfed during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 

Iq_nipeg_indirectionLO) controls the table that is used 
for intra coded blocks. if it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. if it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MPEG_TABLE_SELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B.8.8.4 lq_ipeg_indirection(7 : 0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Bits (1 :0] hold the table number that will be used for component zero. 
•Sits (3:2; hold the table number that will be used for component one. 
•Bits (5:41 hold the table number that will be used for component two. 
•=its [7.6i hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE_SELECT Token. 
B . 8 . 8 . 5 iq_quant_scale [4.0) 

This register holds the current value of the quantization 
scale factor. This register is loaded by the QUANT_SCALE 
Token. 

B.8.8.6 iq_componentIl: 0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number. It is 
loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
reference to iq_ipeg_indirect ion [ 7 : 0 J . m other standards, 
iq_component [ 1 : 0] is ignored. 
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The JPEG_TABLE_SELECT Token causes this register be 
loaded with a color component. it is then used as an index 
into iq_ipeg_indirection[7:0) which is accessed by the 

tokens body. 

The QUANT_SCALE Token causes this register to be loaded 
with the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B.8.8.7 iq_prediction_mode(l: 0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
g Inverse Quantizer makes of this information is to decide 

whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
j:=; 15 coded. 

This register is loaded by the PREDICTION_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

lq_prediction_modeil:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
B.8.8.8 Iq_ipeg_indirection [ 7 : 0 J 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3. 

This register location is written to directly by the 
JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE.SELECT Token if the non-extended form of the 
30 Token is used. 

B.8.8.9 Iq_quant_table(.3 : 0] [63:0] [7:0] 

There are four quanti2ation tables, each with 64 
locations. Each location is an eight bit value. The value 
2ero should not be used in any location. 

These registers are implemented as a RAM described in 
B.8.6.3, "Igram". 

These tables may be loaded using the QUANT TABLE 
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Note that data in these tables are stored in zig-zag scan 
er. Many documents represent quantization table values 
a square eight by eight array of numbers. Usually the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i". 
B.8.9 Microprocessor Register Map 
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Table B,8.5 Memory Map 
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SECTION B.9 IDCT 

B.9.1 Introduction 

The purpose of this description of the Inverse Discrete 
cosine Transform (IDCT) block is to provide a source of 
engineering information for the. IDCT. it includes 

information on the following. 

■ purpose and main features of the IDCT 
•how it was designed and verified 
• structure 

It is intended that the description should provide one of 
ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

•appreciation of the IDCT as a "sillicon macro 
function" 

■ integration the IDCT onto another device 
•development of test programs for the IDCT silicon 
■modification, re-design or maintenance of the IDCT 
•development of a forward DCT block 

B.9. 2 Overview 

A Discrete Cosine Transform/ Zig-2ag (DCT/2Z) performs a 
transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
, pixel block in a frequence domain, sorted according to 
25 frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
30 as quantization. The quantization process reduces the 
information contained in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 
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inverse sorting process is the function of izz 

The Picture decompression system, of which the IDCT block 

thTtL'Vcc; ^^"^^^ " 

However since the IDCT function is not integer based, the 
internal number . representation uses fractional parts to 
maintain internal accuracy. ruU floating-point arithmetic 
IS preferable, but the implementation described herein uses 

us ng 'fT . "itHmetic. There is some loss of accuracy 

using fixed-pomt arithmGtir- 

JT-Ltnmeric, but the accuracy of this 

inpiementation exceedc; 

the IEEE. ^^"^^^ accuracy specified by H.261 and 

B.9.3 Design Objectives 

The main desion obi#af-i- i ^/^^ - 

ign OD^ective, m accordance with the present 

invehtion, was to design a functionally correct IDC^ bloc, 
^hich uses a minimum silicon area. The design was also 
reguired to run with a cloc. speed of 30HHz under th" 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
clocK rates will be needed i„ the future, and the 
architecture of the design allows tor this wherever 
possible. 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces, 
■a 12-bit wide Token data input port 
- a 9-bit wide Token data output port 

• a microprocessor interface port 

• a system services input port 
■ a test interface 
■ resynchronizing signals 

Both the Token data ports are the standard Two-wire 

• or- ^ 



Interface 



type previously described. The widths 
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illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port 
In addition, associated with the input Token data port are 
the Clock and reset signals used for resynchronization to 
the output Of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
select inputs which are used to select the address spaces 
□ events, internal registers and test registers. This 

mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 
jj^ The system services port consists of the standard clock 

^ and reset input signals, as well as, the 2-phase override 

|:y 20 Clocks and associated clock override mode select input, 

a The test interface consists of the JTAG clock and reset 

signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 
since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.5 The Mathematical Basis for the Discrete Cosine 
Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
dimensional OCT has the property of being separable, 
separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for nappxng onto hardware; the algorithm is not appropriate 

aoll"/'"" one-dimensional algorithm is 

applied successively to obtain a two-dimensional result 

The mathematical definition of the two-dimensional OCT 
for an N by N block of pixels is as follows- 



EQ 10. forward DCT 



rU.k) = ^cO)c(Jk) X X X(m. COS U^'" ^ 1 ) roc { (2n ^^)kr? , 



EQ 1 1 . inverse DCT 

iV- 1 (V- 1 



= I Z lL<=U)c (k) Y U. k) COS [ (2/n-H)y7tj cos U2n^^)k^' \ 
j^Qk^o L 2A' J [ 2/V J 



Where 



j.k = 0. 1 iV- 1 

cU)c(k) = 



otherwise 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
5 two N by N matrices. Mathematically the two-dimensional 
case is: 

y-lxcYc 

Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 

10 mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level. The constants c(j) and 
c()c) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

15 As subsequently explained in further detail, the 

algorithm used to compute the actual IDCT transform should 
be a ^fast** algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 

20 order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re*use of many of the most costly arithmetic 
elements. 

25 In the diagram illustrating the algorithm (Figure 136), 

the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtracters also has a symmetry, the adders and subtracters 
can be combined with relatively little cost (4 

30 adder/subtractors being significantly smaller than 4 adders 
+ 4 subtracters as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2 , This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in C (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H,26l 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

Figure 137 shows the overall IDCT Architecture in a way 
that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 
be calculated separately. 

Tbe IDCT Transform Arcbitacture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resultinig architecture are as follows: 

•significant re-use of the costly arithmetic 
operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
coefficient store) 

-small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

• can arrange to generate results in natural order 
•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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•advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

•architecture allows each stage to take 4 clock 
5 cycles, i,e,, removes the requirement for very fast 

(large) arithmetic operations 

•architecture will support much faster operation than 
current 30MH2 pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
10 carry to larger/faster carry- lookahead versions. The 

resolving operations require the largest proportion 
fcQ of the time required in each stage so speeding up 

'"i only these operations has a significant effect on the 
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overall operations speed, whilst having only a 
□ 15 relatively small increase on the overall size of the 

transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 
• control of the transform data-flow is very 
straightforward and efficient 
rU '^^^ diagram of the ID Transform Micro-Architecture 

(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met- The 
control of this architecture is achieved by matching a 
25 "control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc.) are the various enable signals used to control the 
30 latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
35 The techniques used generally fall into two major classes. 
•Retention of maximum dynamic range, with a fixed 
word width, at each intermediate state by individual 
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control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 
Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
any particular intermediate value, achieving the maximum 
possible accuracy. 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.»,s IDCT Block Diagram Description 

The block diagram of the IDCT shows all the blocks that 
are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 
in the diagram. 
B. 9.8.1 DATA Zttot Checker 

The first block is the DATA error checker and corrector. 
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called "decheck*' which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
DATA Tokens with a number of extensions not equal to 64 . 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew_event , and "supernumerary" (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 
also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 
extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B.9.8.2 Inverse Zig-zag 

The next block on the Spatial Decoder in Fig. 138 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 
produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 
Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 
ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 
order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.s,3 Input FormAttar 

The next block in Figure 138 is the input formatter 442, 
••ip^fmt'', which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
5 Stream input and 2 2 -bit wide token Stream output, DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 2 2- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
10 other Tokens are unshifted and the extra unused bits are 
p simply set to 0. 

v3 B,9.8.4 l-Dimensional Transform - Xst Dimension 

The next block shown in Figure 138 is the first single 
H dimension IDCT transform block 443,"oned". This inputs and 

15 outputs 22-bit wide token Streams and, as usual, the stream 
ry is parsed and DATA Tokens are recognized. All other tokens 

are passed through unaltered. The DATA Tokens pass through 
^3 a pipelined datapath that performs an implementation of a 

1=^ single dimension of an 8-by-8 Inverse Discrete Cosine 

5*^' 20 Transform. At the output of the first dimension, there are 

7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output . 
2 5 B.9.8.5 Transpose ram 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
30 in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2Bd Dimension 
35 The next block shown is another instance of a single 

dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 
B.9.S.7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, "ras" 
takes a 22-bit wide Token Stream containing DATA extensions 
5 in 22-ba.t fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
10 B.».» Hardware Oescriptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
15 that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core) . in some blocks shown, the structure is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
2 0 grouping together all the "datapath" logic and separate 
this from all the standard cell logic. m the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 
B.9.9.2 ••Decheck" - DATA Brror Checking/Recovery 

The first block 44 0 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
35 serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 



int.rfac. latch 1. of the -front" type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "O" when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always "0") . Obviously, input is not accepted 
whilst this insertion proceeds, when it is found that the 
extension bit is not "O" on the 64th extension, a 
"supernumerary" error is generated, the DATA Token is 
completed by forcing the extension bit to "O", and all 
succeeding words with the extension bit set to "i" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B.».».3 "lis" and "traa" - Reordering RAMs 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 
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re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actuaUv 

Tthe^V"" ' ■*'°""°" ^= --anced 

in the schematic for each RAM. The difference in width has 

no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
Of the appropriate width. 

The overall behavior of each RAM is essentially that of 
a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the systen, since output 
Of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
Of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-^ag and transpose 
sequences and is somewhat less than 64 in both cases 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

The re-ordering operation is performed by generating a 
particular sequence of . read addresses ("sequence address 
generation", in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning, or 
by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row m Odd/Even format (i.e.. 
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1,3,5,7,0,2,4,6) rather than (o.l 2 3 4 5 w 

^ ^ ' ^ ' ^ ' -» / ^ ' 3 I 6 , 7 ) ) because of 

Transpose address sequence generation is quite 
5 stra.qHtforward alqorith^ically . straiq.t transposl 

sequence generation si.ply requires the generation of row 
and column addresses separately, both implemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 
10 state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algorithmically . Because of this fact, a small 
ROM IS used to hold the entire 64 6 bit values of address 
this being addressed with row and column counters which can 
!:> be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future 
B.9.9.4 "oned" - singla Dinension IDCT Transfora 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 

both dimensions come after a ram .^k<«-u 

otter a RAM which provides a certain 

amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 
passed through unchanged. Note that the schematic is drawn 
in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 

automatic compiled code generation fi-y.i^ ^ ■ 

"s^'ictation (this explains the 

control logic at the top level) . 

Tokens are parsed as normal and then DATA extensions, and 
other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream, 
The control section of ••oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens- The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned** block has the requirement that it can only 
15 start operation on complete rows of DATA extensions, i.e., 
groups of 8, It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
ij^ operation of "izz" and the ••tram" ensure that complete DATA 

1^ blocks are output as an uninterrupted sequence of 64 valid 

ly 2 0 extension values. 

^■3 B.9,9>4 >1 Transform Datapath 

The micro-architecture of the transform datapath, "t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
25 does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
3 0 required. The named control signals are the enables for 
the pipeline latches {and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

35 Within the transform datapath there are a number of latch 

stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. Some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source'. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it 
easy to generate enable signals with the correct timing! 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows, 
•a number of fixed coefficient multipliers 
(carry-save output) 

• carry-save adders 

• carry-save subtractors 

• resolving adders 
•resolving adder / subtractors 

15 All arithmetic is performed in two's complement 

representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value). All numbers are resolved 
before storage and only one resolving operation is 
20 performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry 
This means that the resolvers are quite small, but 
relatively slow. since the resolutions dominate the total 
time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
taking 22-bit fixed point numbers from the output of the 
second dimension "oned" and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
further divide-by-2 required to compensate for the v2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 i-mplies that the fixed point position is 
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interpreted as being three bits further left than 

anticipated i e rrc^r *-i , tnan 

P ted. I.e., treat the result as having 15 bits of 

integer representation and 7 bits of fraction (rather than 

"ro::;tr -Pie™ 

round to positive infinity" i e ^Hr^ « ^ 

j.-L*ix».y , I.e., add one for f rac-i- i 

Of exactly 0.5. This is primarily- done because it " .h, 
simplest rounding .ode to implement. After rounding (a 
conditional increment of the integer part, is complete 
this result is inspected to see whether the a-bit signed 
result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

AS usual, the Token Stream is parsed and the round and 
saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "idctsels" - iDCT Register Select Decoder 

This block is a simple decoder which decodes the 4 
microprocessor interface address lines, and the "sel test- 
input, into select lines for individual blocks test Iccess 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
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Table B,9.1 

Repeated address 



IDCT Test Address 



Space 



s.. / . invention contains instances of the 

stanaar. avent Io,ic Woc.s to hanax, tne OATA deficient 

and supernumerary errors i.xcj.eni: 

Mt ...scan., .ic^can .i^s^ t^:!.: 

change such that the idct ^ -• ordering 

This bii- . " vertically scanned. 

This bit IS reset to the value "O" i e i-ho h ^ i. 

^ ^ , I.e., the default mode 
IS horizontally scanned output The two o« w, 
ar^ OP „^ ^ ™® possible events 

are OR-ed together to for. an idctevent signal which can be 

anl brt " B.9.10 for the addresses 

and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two "standard" tvoe f "r-i tr^^^m i 
in rn^ r™ clkgen") clock generators are used 

m the IDCT. Th i <= ^^ j 

This IS done so that there can be two 
separate scan-paths. The 

M „ ^ clock generators are called 

s "aT". r. 'T'"""- oni, .i„ere„ce 

is that "xdctcb" does not need to generate the ..notrstr. 
s.,„al. The amounts of buffering tor each o, the cloc. and 
reset outputs in the two clock generators is individually 

The ' V "-'^ - 

gate Ld t '""^"^ — 

gat. and Crack capacitances of the final layout. 

When the IDCT top-level Block Place and Route ,BPR, was 
performed, advantage was t«i,=- 

, . ' " °f the capabilities of the 

interactive global routing feature to increase the widths 

trees f « -i"ri^uti=n 

trees for the more heavily loaded clocks (pho b and phi b, 
Since these tracks win carry significant cur'rents , " 
B.9.9.9 JTAG Control Blocks 

Since the IDCT has two seoarai-o ^ • 

^, ^ separate scan-chains, and two 

Clock generators, there are i-wr> ,• 

, ^" instances of the standard 

-TTAG control block, "jsoctle" th^- 

^ :ispctie . These interface between the 

^est port and the two scan-paths. 
B.9.10 Event and Control Registers 

The IDCT can generate two events >,r,M u 
coni-r-rM events and has a single bit of 

control. The two events arp in^* a. 

^ " idct_too_few event and 

iact_too_many event which can be oenerai--... w 

oe generated by the "decheck" 



blocK at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is "vscan" which is set 
if it xs required to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls 'he 

"127" hlnr-U Kii . v^wiiuirois the 

izz block. All the event logic and the memory mapped 
control bxt are located in the block "idotregs" 

From the point of view of the IDCT, these registers are 
located xn the following locations. The tristate i/o wires 
n.derrd and n-serrd are used to read and write to thes 
locatxons as appropriate. 




Table B.9.2 IDCT Control Register Address Space 




Table B.9.3 IDCT Event Address space 
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B.9.1X Ifflplementa tion Issues 
B.9.11,X Logic Design Approach 

In the design of ail the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
5 simple logic design strategy which would mean that it was 
possible to do a "safe" design in a "quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
10 correct system resets. Although it might often be possible 
to come up wirh clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 
- conceptually simple 
15 - easy to design 

•speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
•glitches not a problem (cf. SR latches) 
20 using only system reset for initialization 

allows scan paths to work correctly 
•allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 
2 5 B. 9. 11, 1.1 tv o-wire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

^0 B-9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZZ sequence generator at the 
output of the ROM. 

B, 9. 11. 1.3 Transform Datap ath and Control Shif t*Reaister 

It is possible to implement every pipeline storage stage 
as a full master-slave device, but because of the amount of 
storage required' there is a significant savings to be had 
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by using latches. However, this scheme requires the user 
to consider several factors. 

•control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
need to use latches in this shift-register) 
•timing analysis complicated by use of latches 
•the "t_postcV will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
enables this is not a problem for the circuit) 
Nonetheless, the area saved by the use of latches makes 
It worthwhile to accept these factors in the present 
invention . 

B. 9. 11. 1.4 Micropro cessor i nterf aeag 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers ) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B.9.11.1.S J TAG Teat Control 
20 These standard blocks make use of latches. 

B.9.11.2 Circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells 
datapath library, RAMs, ROMs, etc.) there is no requirement 
2= for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 
close to the allowed maximum length. 

.Mote that the IDCT is fullv sta^^,- 

j-uiiy static m normal operation 

(I.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 
the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 
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B.9.11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs , ROM; clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, "oned_d", is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
25 datapath layout was performed. in each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly . 
B.9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was don. 
- C, .oth fuU-p.ecision and bit-accurate integer Lde 
were developed. various tests were performed on the 
accurate .odel in order to prove the conformance to hi 

ra ^ s o"f"lh^""""''°" ~c 
irrtecture. " ^ ^^"^ -thin the transform 

The design progressed in many cases by writing an M 
behavioral description of sub-blocks (for example, the 
control of datapaths and RAMs, . Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. m some cases (e g 
RAMS Clock generators) the behavioral descriptions were 
still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
U^e., zcells and kdplib) were mainly simulated using their 

and o "V t^i- in far smaller 

and quicker simulations. Additionally, the behavioral 

hiohr'n"'"' -^-^ can 

highlight some circuit configuration problems. As a 

confidence check, some simulations were performed using the 

25 transistor descriptions of the library cells. All the 

log.c simulations were in the zero-delay manner and, 

therefore, were intended to verify functional performance. 

The verification of the real ^1mi«« u • 

tne real timing behavior is done with 

other techniques. 
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Lsim switch-level simulations (with RC_Timing mode being 
used, were done as a. partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 

Circuits) . 

The main verification technique for checking timing 
problems was the use of the CPA tool, the "path" option for 
datechk". This was used to identify the longer signal 



paths (some were already )cno%m) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sinJc methodology since, the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compiled-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification, 

B.9.13 Testing and Test support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows: 

' microprocessor access to RAM cores 

• microprocessor access to snooper blocks 

• scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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-decheck- block to the -ip^fmt- block and the latter from 
the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
The same is true of the RAM cores (using the "ramtest" 
input as appropriate) • The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
B . 9 . 13 . 1 **Decheck" 

This block has the standard structure (see Figure 13 9) 
where two latches for the input and output two-wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 
extension count where a 6-bit incrementer is used. 
B. 9.13.2 **ZSS" 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 
implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 
decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B. 9. 13.3 "Ip^frnt" 

This block again has the standard structure. Control 
logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple 
B.9.13.4 "oned" 

Again, this block follows the standard structure and 
divides xnto random logic and datapath sections. The zceli 
logic is relatively straightforward, all the zceils are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zcell latches which are on the scanpath 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth Of logic between some stages of the pipeline (e g 
multipliers and adders,. The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 
there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz" block. m this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algorithmically . 
All the zcell control states are on datapath "b". 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zceils. The most complex logical function 
IS Che 8-bit incrementer used when rounding up. All other 
logic IS fairly simple. All states are scanpath "b". 
B.9.13.7 Other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
eatures,. The block ..idctaels" is combinatorial zcell 
logic for decoding microprocessor addresses and the bloc 
••idctregs" contains the microprocessor accessible event 
control bits associated with the IDCT. 
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SECTION B.IO Introduction 
B«io.l Ov^rvi^v of thm Tuiporal Dmeodmr 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 14 2. 

All data flow between the blocks of the chip (and much of 
the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 
synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 451; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 
15 FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
filters 454 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 4 55 (P and 
B frames) . During MPEG decoding, frame reordering data 
must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456. 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 

2 5 write-back, the data which is written back being split from 

the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458. 

All the major blocks in the Temporal Decoder are 

3 0 connected to the internal microprocessor interface (UPI) 

bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
4 59. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 
3 5 microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the lEE 1149, i 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture. 
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SECTION B.U Clocking, Test and Related Issues 
B.ll.i clocx Regimes 

Before considering the individual functional blocks 

the c",;;; ^^^-^-^ - - appreciation o 

the clocK reg.„es within the chip -and the relationship 
between them, '«5»nip 

During normal operation, „ost blocks of th. chip run 
synchronously to the si,„,x pUsyscl. fro. the phese- 
ockea-loop ,P.^, bloc Th. exception to this is the ORAM 
interface whose tiding is governed by the need to be 
synchronous to the ifti„e sub-block, which generates the 
ORA« control Signals (notwe, notoe. notcas, notras, The 
cor. of this block is clocked by the two-phase non! 
overlapping clocks clko and clkl, which are derived fron 

the r '""-P"'" -PPl"^ independently fro„ 

the PLL ckiO, ckil and clkqo. ckql. 

asvn?r" "'^ interface clocks are 

asynchronous to the clocks in th. rest of the chip 
n,.asures have be.n taken to elininate the possibility It 
metastable behavior fas f»,- ^ ■ ^^^^y or 

enavior (as far as practically possible) at the 

interfaces between the DRAM interface and 

. . J-nterrace and the rest of the 

Chip. The synchronization occurs in two areas: in the 
output interfaces of i-h« 

f«Hrt^„« / ^ s or the Address Generator 

25 ^^f^^^"/P"^-^^/P-^-ync^ addrgen/ip_wrt2/syncl8 and 
2. addrger..p_rd2/syncl8, and in the blocKs which control the 
swinging., of the swing-buffer RAMs in the ORAM Interface 
(see section on the DRAM Interface,. m each case, the 
synchronization process is achieved by .eans of three 
30 th"t"tr"'"' f^iP-^lops in series. it should be noted 
that this means that clkO/clKi are used in the output 
stages of the Address Generator. 

in addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
35 TroT m""'' non-overlapping clocks (phO, phi) 

anT HP generator, Prediction Filters 

and DRAM Interface each have their own clock generators; 
the remainder of the chip is run off a common clock 
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generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 
different clock generators could mean that underlap 
occurred at the interfaces. circuitry built into each 
"Snooper" block (see Section B.ii.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 
front of the Address Generator, where the resynchronization 
is performed in the Token Decode block. 
B.11.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 
scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tphO, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 
paths are generated automatically by a post-processor which 
correctly connects "these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

During normal operation, the master clocks can be derived 
in a number of different, ways . Table B.li.i indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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pllsctect 


ovtrride 


Mode 


0 


0 


pllsysclk is connected directly to external syscik. 
bypassing ffia PLL: ORAM Interface ciocks (ckio. ckii. 
ckqO. ckql) are controtled directly from the pins ti ard ;q. j 


0 




Override mode • pfiO and phi clocks are ccntroiieo | 

i 

directly from pins tphoish and iphlish: ORAM ;n:er^acs 
docks (ckiO. ckil, ckqO. ckql) are ccntroiied direc::y 
from the pins tl and tq. 


1 


0 


Norrrtal operation, pllsysclk is 'J^.e =:ock ;enera(eo zy Tie i 
PLU ORAM Iniertace clocks are ger^erated by t^^e 


\ 


1 


External resistors connected to ti ana tq are usee ir.s:ear ' 

i 

of the tntemal resistors f debug oriy). 



Tabl« B.lX.l Clock Control Modos 



B.11.3 Th« Tvo-virtt Intarfactt 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 143, 



Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 
interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_valid and out_accept are gated. Data and 
valid signals then propagate when the corresponding accept 
signal is high. By ORing in^valid with out_accept_reg in 
the manner shown, data will be accepted if in^valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 
a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 14 3, 
in_accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 
master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.11.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 
Interface, There are two types of snooper blocks. 
Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 



Location 



I acc:5efvvec_?ioe/snooor3l 



SnooD«r 



afiarger/c.-.t^iOft/midsno 



Snoooer 



Snooper 



acOfgervcrecreao/snooozA^ 



I Snoooer 



I accrgervio.^^'supeaiO 



; adorgervlo.'CZ'suoerztO 



Suoer Snooper 



Super Snooper 



Table B.11.2 Snoopers in Temporal Decoder. 




Table B.1X,2 Snoopers in Temporal Decoder 



Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document. 
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SECTION B. 12 Functional Blocks 

B.12.1 Top ForX 

The Top Fork, in accordance with the present invention 
serves two different functions. First, it forks the data 
stream into two separate streams.: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. If the chip is in a 
stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
f ol lows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 
been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high . 

3) When seq^done goes high, set an event bit which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block. 

B.12.2 Address Generator 

In the present invention, the address generator (addrgen) 
is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the tolcen srrea„ from the tcKeh input port ,vie top,=rk, 
.nd its output to the 0R« interface consists of eddressl^ 

:::t:::!^ ^ re,uest.ec.no„::::: 

• block counting and generation of the DRAW block 
address 

•conversion of motion vector data into an address 

Offset 

• request and address generator for prediction 
transfers 

•reorder read address generator 
•write address generator 
B. 12. 2.1 ToJcen Decode (tokdec) 

stanlrl' T^" ' -"ciated with codin, 

standards, tra.e and block information and motion vector! 
are decoded. The information extracted from the stream .s 
stored in a set of registers which may also be accessed via 
theupi. The detection Of a DATA token header is Signalled 
to subse,uent blocks to enable block counting and address 
generation. Nothing happens when running JPEG. 
List of tokens decoded: 

* CODING^STANDARD 

* DATA 

• DEFINE_MAX_SAMPLING 
• DEFINE_SAMPLING 
• H0RI20NTAL_MBS 

* MVD^BACKWARDS 

* MVD_ FORWARDS 

• PICTURE^START 

• PICTURE^TYPE 

• PREDICTION_MODE 

This block also con,bines information from the request 
generators to control the toggling of the frame pointers 
and to Stan the input stream. The stream is stalled when 

new frame appears at the input (in the form of a 
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P ■ 
'''•4 

H For 

-15 



I'U 

o 



PICTURE.STAPT toKen, .ut the writeback or reorder read 
assocxated with the previous fra.e is incomplete 
B.12.2.2 MacroblocJt Counter (mblJccntr) 

-croblock counter of the present invention consists 
3 Of four bas.c counters which point to the horizontal and 
ver. , 3,,,,„ ^^^^^^^^^^ ^^^^^ 3ont , an. 

horizontal and v*»T-i-i^=.i 
».=r=.lo=K. ^TZ ,r " 

PICTURE START .1, °f -nd =„ each 

r-xuiuKt^^iART, all counters are reso^ i-r. 

10 Token headers arriv. 

. arrive, the counters increment and reset 

ccordin, to the color component „u„.er in the token header 

V t e s ™- '"-e structure is described 

by the sa„plin, registers in the token decoder 

fouls' Th counting proceeds as 

follows. The horizontal block count is incremented on each 

" d"th th"'" °' """^ reaches the 

" 1\ °' the macroblock, and then it resets. The vertical 
block count IS incremented by this reset until it reaches 
.0 hV " -crobXock, and then it resets. „h,n 

this happens, the ne« color component is expected. Hence 
this sequence is repeated for each f-. "ance, 
macroblock - the .ori.ontaVrd "lertlrTr Vf" tt 
^acroblock. possibly being different for eac^ component 

ekpected'^'thT"""^"'- ""^''^ ""^^^ ^" 

expecr:ea, the count will ei-iii 

component Without error " ""^ 

When the color component of the DATA Token is less than 
increTeT?' "''^"""^ .M^.^^ count is 

than th °==- — 

than the expected number of blocks anooa- ^ 

rr>n,r,«„ ^ "-I-OCKS appear for a given color 

conpcne t """"" ' 

counT;:' h ' "-"-^^l count is reset when the 

count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 

There is a further ability to r-r...„*. 
CIF fo,-^.. ^ macroblocks in H.261 

CIF format. m this case, there i« 

hioT-^^^K "-nere is an extra level 

hierarchy between macroblocks and the . 

tne picture called the 
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group of blocks. This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the GIF bit from the PICTURE_TYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above . 

B.12.2.3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
10 within-macroblock coordinates into' coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

15 B.12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 

2 0 number of blocks down times the width of the picture plus 

the number of blocks long. This is added to the color 
component offset to form the base block address. 
B* 12 •2.5 Vector Offset (vec_pipe) 

The motion vector information presented by the token 

25 decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 

30 these coordinates may be positive or negative. They are 
first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 145, the shaded area represents the block that 

3 5 is being formed. The dotted outline is the block from 

which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within rl . 
OK^ block. .3 the 0^ block is S.S b^tes/^p 
Offset looks to be (7,2). HJ-xei 

The multiplier array vm.rrle then converts the block 
vector Offset into a linear vector offset. The pi«^ 
information is passed to the prediction request generator 
as an (x.y) coordinate (pix_info) . 
B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the dram (Inblkad3). if the pixel offset is zero 
only one request is generated. if there is an offset in 
either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. with an 
Offset in both x and y, four requests are generated 

synchronization between the chip clock regime and the 
DRAM interface clock regime takes place between the first 
addition (Inblkad3, and the state machine that generates 
the appropriate requests. Thus, the state machine 

(psgstate) is Clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 
Cham. " 

B. 12.2.7 Reorder Read Requests and Write Requests 

AS there is no pixel offset involved here, each address 
xs formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 
as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
3 dress. (This is because the read/write data interacts 
with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B.12.2.« Offsets 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
must be programmed via the upi. 
B . 13 . 2 . f Snoopers 

In the present invention, snoopers are positioned as 
follows: 

• Between blkealc and bsblkadr - this interface comprises 
the horizontal and vertical bldck coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component) . 

•After bsblkadr - the base block address. 
•After vec_pipe - the linear block offset, the 
pixel offset within the block, together with 
information on the prediction mode, color component 
and H.261 operation. 

•After Inblkada -the physical block address, as 
described under "Prediction Requests". 

Super snoopers are located in the reorder read and write 
request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12. 3. 10 Bean 

The addrgen block has its own scan chain, the clocking of 
which is controlled by the block's own clock generator 
(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 ••Prediction Filters 

The overall structure of the Prediction Filters, in 
accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
input of the backward filter should be permanently low 
because H.261 streams do not contain backward predictions) , 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages « 
B. 12.3.x A PrediotioB Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
its input. It can be seen from Figure 14 7 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H,261 being the more complex, is described 
first. 

B. 12.3, 1.1 H.261 operation 

The one-dimensional filter equation used is as follows: 



^/ = z ^(1 <r<5) 



F- = X. {otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 
Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which • is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 
reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 
Thus, all values are multiplied by 4 (more of this later). 
For all other pixels, x^^, is loaded into register C, Xj into 
register B and x^., into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12,4.2) after both 
horizontal and vertical filtering has been performed, so 
that arithmetic accuracy is not lost.' Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 
presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

Between the x and y filters, the Dimension Buffer buffers 
data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 
the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 




Table B.12.1: H.2 6X Dimension Buffer Sequence 

Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks.) 

F(x) indicates the function in H.261 filter 
equation . 



B. 12. 3 ,1,2 KPgq OPTation 

During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

Fi = (0 < / < a.halfp^O 

F. = x.(0</ <7Jntegerpe/) 



This is the default filter operation unless the h26l_on 
input is low. If the signal dim into a 1-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h261_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12.2. 
Referring to Figure 148, "1-D Prediction Filter,", the 
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Table B.12.2 1-D Filter operation 



operation of the l-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in h 261 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by i 
(the output of register B is always shifted left by i 
anyway). Thus, after a couple of clocks register F 
contains (2B h-2C) , four times the required result, but this 
IS taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 
y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 
one row. it is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because .the filtering operation converts 9-pixel rows 
into 8-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation 
the x-fxlter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-filter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 
out Of the FIFO. This minimizes the worst-case throughput 
of the chip Which occurs when 9x9 blocks are being 
filtered. 

fi.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_lst_byte 
signals are active, indicating the last byte of the current 
prediction block. If the current block is a forward 
prediction then only fwd_lst_byte" is examined. if it is a 
backward prediction then only bwd_lst_byte is examined, if 
it is a bidirectional prediction, then both fwd_ist_byte 
and bwd_lst_byte are examined. 

The signals fwd_on and bwd_on determine which prediction 
values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 
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Two criteria are used to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 
buses fwd_p_num[l:0) and bwd_p_num( 1 : 0 ] . These buses 
p contain numbers which increment by one for each new 

prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 
predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 
valid backward data arrives with bwd_ima_twin 
set and then it goes through the blocks averaging 
each pair of prediction values. 
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2) If valid backward data is present and 
bwd_ima_twin is high, then the block stalls until 
valid forward data arrives with f wd_iina_twin set 
and then it proceeds as above. If forward and 
backward data are valid together, there is no 
stall. 

3) If valid forward data is present, but 
fwd_iina_twin is not set, then fwd_p_num is 
examined. if this equals the number from the 
previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
forward . 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that "early_ valid" signals from one stage back in 
the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_ist_byte and/or bwd_ist_byte are valid. 
This saves about 25 three-bit pipeline stages in 
each prediction filter. 

2) The signals remain valid throughout a block 
and. therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
3 5 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 
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B.X2.4 Prediction Adder and FIFO 

The prediction adder (padder) 'forK-s the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING.STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
IS restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
mtra-coded data, including JPEG, 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. in 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 
of the DATA Token, the remainder of the token continues to 
the output unchanged. If. on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

There is no snooper in either the FIFO or the prediction 
adder, as the chip can -be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.X2.5 Write and Read Rudders 
B. 12. 5.1 The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 
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data blocks in I or P pictures in MPEG, and all data blocks 
ba"c"' inL't.''' '"^"^ i-erface so that they can be written 
T\T ^^^-"-i f^^e stores under the control of 

the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
wrxte-back data passes through a snooper on its way to the 
DRAM interface. ^ 

The Write Rudder decodes the following tokens: 



ru 



i' U 



Token Nam« 


Function in Write Rudder 


CODING.STANOARD 


Wnte-b«ck is nftibit»d for JPEG streams. 


PICTURE.TYPE 


Wnte-bacJc only occurs in 1 and P frames, noc 3 frames. 


DATA 


On»y data wiWn DATA tokens is wnnen back. 



B.12.3 Tokens Decoded by the Write Rudder 
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After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush Signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this win align with the 
point When the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) . 
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B.X2.5.2 Thm RMd Rudd«r (rruddsr) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1, 
"Top Fork**) . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



i Token Name 


Function m Read Rudder 1 


! FLUSH 


1 Signals to Top FofK. j 


1 COOING.STANDARD ' 


Bcofdering is innibited if me coding sundard i$ not MP£3. i 


! SEQUENCE.START 


The read-bacM data for the first otcojre of a reordered secuerce 3 :r.vaicd. • 


: PICTURE.START 

i 


Signals mat 'J^e current cutout FIrO mu$i ce s^acced (i or ? z-.zi'^ttS) 
T>ie Tirst of tne O'Cture header tokens. 


^ PICTURE.END 


All tokens acove me pcture layer are allowed tnrougn 


TEMPORTAL.REFERENCE 


The second of the oiciure neaoer tokens. 


PICTURE.TYPE 


The tnirc of the siciure r^eader tokens. 


DATA 


When reordering, me coments of DATA iciiers are rez zziz 
recrdered iata. 



Table B.12.4 Tokens decoded by the Read Ruddar 



The reorder function is turned on via the Microprocessor 
interface, but is inhibited if the coding standard is nol 
MPEG, regardless of the state of the register. The sa.e 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works 
consider the input and output control logic separately' 
bearing in mind that the sequence of tokens is as follows' 
CODING_STANDARD 
SEQUENCE_START 
PICTURE_START 
TEMPORAL_REFERENCE 
PICTURE_TYPE 

Picture containing DATA Tokens and other tokens 
PICTURE_END 

PICTURE_START 

B.12 .5.2 . 1 Input Control i^ar fir. 

From the power-up, all tokens pass into FIFO l (called 
the current input FIFO) until the first PICTURE_TYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTURE_TYPE for an I or P picture is 
encountered and FIFO i becomes the current input FIFO 
again. within I and P pictures, all tokens between 
PICTURE_TVPE and PICTURE_END, except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 
stream, where they would have no meaning. 

•A three-bit code is put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 
B. 12,5.2 ,2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 
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is encountered, after which FIFO 2 becomes the current 
output FIFO. Peferrin, ba« to section J , Z jll 

""FiFo^'^Th:":"''" """--3-«t .re 

current output FIFO is swapped 
IZLT^V ' ^'^^^ encountered in an X or 

stlZ Picture .eader toKens are 

stored untxl.the next I or P fra.e, at which ti.e they will 
become associated with the correctly reordered data. b 
Pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 
ro. the DRAM Interface. During the first picture, 
reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAN 
interface to fetch it. This is considered garbage and is 
discarded. 



SECTION B. 13 The DR.\M Interface 

B.13.1 Overview 

in th. present invention, the Spatial Decoder, Temporal 
Decoder and Video Por.atter eacn contain a DRA« Z^.^Zll 
. Moc. for that particular chip, tn all three devices, the 
function Of the DPAM Interface is to transfer data fro» the 
Chip to the external DRAM and from the external DRAM into 
the chip via block addresses sunni,..^ w 
generator. supplied by an address 

The DRAM Interface typically operates from a clock which 
xs asynchronous to both the address generator and to the 
Clocks Of the various blocks through which data is passed. 

Th.s asynchronis. is readily managed, however, because the 
Clocks are operating at approximately the same frequency, 
and " transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 

exception being prediction data in the Temnor-. , n . 

J-n tne Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer... This is essentially a pair of raMs operated in a 
ouble-buffered configuration, with the DRAM interface 
fxllxng or emptying one RAM while another part of the chip 
empties or fills the other ram a 

carri*.c separate bus which 

carries an address from an address generator is associated 
With each swing buffer. 

Each Of the Chips has four swing buffers, but the 
unction Of these swing buffers is different in each case 
in the spatial Decoder, one swing buffer is used ' to 
transfer coded data to the DRAM, another to read coded dat 
from the DRAM, the third to transfer tokenized data to th 
DRAM and the fourth to read tokeni^ed data from the DRAM. 

n the Temporal Decoder, one swing buffer is used to write 
intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
t.o to read intra or Predicted data from the DRAM and the 
other two to read forward and backward prediction data. In 
tne Video Formatrer, one swing buffer ..^ 
rt^i-^ ^ ^ "urrer is used to transfer 

aata to the DRAM and the other three ^r-^ 

^nree are used to read data 
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fro» the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) . 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
The following section describes the features peculiar to 
the Temporal Decoder. 

The TeMporal Decoder DRAM I&terface 

As mentioned in section B.13,1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 
Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 
motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 
formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be fetched from the DRAM. . If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 
are generated - the original block address and the one 
either immediately to the right or immediately below. With 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (i, l) , as illustrated by the 
shaded area in Fig. 152 and Fig. 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
sequence of row addresses quickly. The solution is to use 
start/ stop** technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The X and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

57, . . . , 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
(0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

Consider block A. At the start of reading, the swing 
buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the X inverse stop value forming the 3 LSBs. m this case 
whxle the DRAM Interface is reading address 9 in th; 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
DRAM address register is incremented, as illustrated in 
Table B. 13 . 1 : 

Table B.13.1 Illustration of Prediction Addressing 




The dxscussion thus far has centered on an 8 bit DRAM 
interface. m the case of a 16 or 32 bit interface, a few 
minor modifications must be made. rirst, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 
b.t boundary. m the example we have been using, for block 
A the fxrst DRAM read will point to address 0, and data in 
addresses 0 through 3 win be read. Next, the unwanted 
data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
Physically bigger than was necessary in the 8 bit case) and 
reading with an offset. When performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 
DRAM interface. m this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates . 

The final point to note about the Temporal Decoder DRAM 
interface is that additional information must be provided 
to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 
•a "last byte" signal indicating the last byte of a 
transfer (of 64, 72 or 81 bytes) 
• an H. 261 flag 

•a bidirectional prediction flag 
•two bits to indicate the block's dimensions (8 or 9 
□ bytes in x and y) 

number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 
15 out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 
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SECTION B. 14 UPI Documentation 
B.14.1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are: 

UPI 

UPIlOl 

UPI102 

DINLOGIC 

DINCELL 

UPIN 

TDET 

NONOVRLP 
WRTGEN 
READGEN 
VREFCKT 

The circuits UPI, UPIlOl, UPI102 are all the same except 
that the UPIOI has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
address input. 

Input /o utput Sig nals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
these signals: 

• NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt). 

E21nputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt) . 

RNOTWinputRead not Write signal from the Pad Input 
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Driver (Schmitt) . 

ADDRIN(7:0]InputAddress bus signals from the Pad ' 
Input Drivers (Schmitt) . 

NOTDIN(7:0]Inputlnput data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map). 
INT_ADDR[7:0)OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map) . 

INTDBUS[7:0] Input /OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRITE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 
General g n»w».»«. 

The UPI schematic consists of 6 smaller modules- 
NONOVRLP, UPIN. DINLOGIC, VREFCKT, READGEN, WRTGEN It 
Should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
interface other than the microprocessor bus timing signals 
which are asynchronous . to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 
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The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block. 

The overall function of the UPI is to take the address, 
data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RNOTW_lNT_ADDR[ . . . ] , 
INTDBUS[.-.] and READ_STR and WRITE^STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. It should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 
that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits . 

□ Also, the presence of the INT_RNOTW and the READ_STR, 

WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ^STR and WRITE_STR 
(and ignore INT^RNOTW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE^STR) . 
2 5 The internal databus is precharged High during a read 

cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 
30 translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 
Circuit Details : 
35 L'PIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 
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change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. uPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
generates the signals: 

TRAN- which indicates a transition on one of the 

input signals, and 

UPD-DONE- which indicates that transitions have bee 
completed and a cycle can be performed. 

CHIP_EN- which indicates that the chip has been selected. 
TDET - 

This is the single bit change detect circuit. it 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 
by the signal UPDATE. These two non-overlapping signals 
come from the module NONOVRLP. The general operation is 
such that an input transition causes a CHANGE which in 
turn, causes a SAMPLE. All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 
goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPD^DONE. 

NONOVRLP" 

This circuit is basically a non-overlapping clock 
generator which inputs TRAN and generates SAMPLE and 
UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed . 

DINLOGIC- 

This module consists of eight instances of the data input 
circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

DINCELL- 

This circuit consists of the data input latch and a 
tristate driver fo drive the internal databus. Data from 
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the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pullup are also included in this 
module. 

WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. it should be 
noted that the actual write pulse which writes a register 
J only occurs after an access cycle is concluded. This is 

because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 
READCEN- 

This circuit, as its name suggests, generates the 
READ_STR and it also generates the PRECH signal which is 
^° precharge the internal databus. The PRECH signal 
P ^ s®^^ timed signal whose period is dependant on 

VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
25 the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
precharged before a READ_STR begins. In order to stop a 
PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

The VREFCKT is the only circuit which controls the self 
timing of the interface. Both the delays, 1/Width of 
WRITE_STR and 2 /Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor 
controlled by a signal VREF and 'this voltage is set by 
diffusion resistor of 25K ohm. 
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SECTION C.l Overview 
C«l.l* latroduotioa 

The structure of the image Formatter, in accordance with 
the present invention, is 6ho%m in Figure 155. There are 
5 two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 
10 and a final control block which regulates the output of the 
p processing pipeline. 

'0 C.1.2 Buffer manager 

vj Tokens arriving at the input to the Image Formatter are 

if buffered in the FIFO and then transferred into the buffer 

J;S] 15 manager. This block detects the arrival of new pictures 

ry and determines the availability of a buffer in which to 

;= store each picture. If there is a buffer available, it is 

1=3 allocated to the arriving picture and its index is 

M= transferred to the write address generator. If there is no 

20 buffer available, the incoming picture will be stalled 
|i . until one becomes available. All tokens are passed on to 

the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 
25 buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 
30 displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 
35 (presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 



pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
C.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 
in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 

The arrival buffer index provided by the buffer manager 
is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 
C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. in 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 
index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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Of the three components that are compatible with the page 
structure of the DRAM. The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 
three 8-bit buses, multiplexing as necessary. 
C.1.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the image Formatter. First, there is a 
system clock, which provides timing for the front end of 
the chip (address generators and buffer manager, plus the 
front end of the DRAM interface). Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline). 

Each of the two aforementioned clocks drives a number of 
on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W«) . Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out*). D*, 
w* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR#, and is 
transferred to the section of the output pipeline named 
■•bushy_ne" (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE*. The 
section Of the pipeline from the gamma RAMs onward is 
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Clocked on a separate, but similar, clock (R*) . bifR*. ne* 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
5 depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 



'"'-4 



III 



580 



SECTION C.2 Buffer Management 
2 • 1 • Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
C.2. 2 Functional Overview 

A three-buffer system allows the presentation rate and 
the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". in a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
■full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a PICTURE_START token 
IS detected at the input. This buffer is then flagged as 
IM_USE. on PrcTURE_END, the arrival buffer will be de- 
allocated (reset to zero) and the buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. if 
there is a buffer flagged as READY, then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer. the previously displayed buffer will be 
repeated . 

Each time the presentation number changes, it is detected 
and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the RtADY-ness of any 
buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL_REFERENCE tokens in H.261 cause a buffer's 

picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 

envisioned, is not currently included, however. Similarly. 

TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 

buffer is either EMPTY, or has been allocated as the display 

buffer. Thereafter, presentation number and picture number 

are reset and a new sequence can commence. 
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C.2.3 Architecture 

C.2.3.1 Interfaces 

C ■ 2 . 3 . 1 . Interface to bm front 

All data is input to the buffer manager from the input 
FIFO. bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3. 1.2 I nterface to waddroen 

Tokens (8 bit data, l bit extension) are transferred to 
the write address generator via a two-wire interface. The 
arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE_START 
token arrives at waddrgen. 
C.2.3. 1.3 Interface to dispaddr 

The interface to the read address generator comprises two 
separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

The sequence of events normally associated with the 
dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
associated with this last two-wire interface (rst_fld) 
•which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C. 2. 3. 1.4 Microprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
C.2.3.1>S Events 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements . 
C>2.3.1,6 Picture Clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or taken from an external source 
(normally the display system). The buffer manager accepts 
both of these signals and selects one based on the value of 
pclk_&xt (a bit in the buffer manager's control register) . 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
from the chip. 
C.2,3,2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C. 2. 3, 2.1 Input/Output block (bm input) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq^valid/accept and disp_valid/accept ) . 
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input to b» to.d.= is used to .1 T " " 

decoder outputs "can only be "sserte; "'"^ 
header would be valid ,1 e „ot Y ' ^ 

The rti„d block acts as th." ' 

to th» ^ , "P"' registers, adjacent 

the pl'i' "° '"^ bloc. 1„ 

dUre:e„t J """"" di„ere„=.s due to 

different clock generators. signals go and ngo are based 

u ed II e™ e" ^"'^^ - 

e ..bunged :p/a;\L"":"°=''^"' '° " 
ged up at either the input or the output. 

-irrinter'f °' comprises th. t„o- 

for data th" '^"'^''-"^ -."als as 

been Loh f ^'^^ ^^s 

been high for one cycle. Thereafter, it is reset. m 

au o th ""^ ' 

or IN " "''^ed either as r„PTV 

Which" both « 
^hxch both Picture numbers and presentation number .re 



reset 

There is a 



a«o • . . ^"^^^ °^ additional circuitry 

associated w.th the input data, register which appears at 
the next level up the hierarchy. This circuitry produces 
a s.gnal wh.ch indicates that the input data Register 
contains a value eaual to ^K=^ register 
^ . . ^ ° ^^^^ written into BU BM TARGIX 

and It IS used for event generation. "_BM_TARGIX 

C.2.3.2.2 Inde x hinc jc thm 

The Index block consists mainly of i-ho , k-* 
d^noMr,« «»-«.niy Of the 2-bit registers 

denoting the various strategic buffo,, i „^ • 
arr h.,f w suffer indices. These are 

arr buf, the buffer to which a>-T.i„<- 

written Hi V. * arriving picture data is being 

written, disp_buf, the buffer frnm .^^ ■ ^ ■ 
beina ^==H * ^- which picture data is 

oeing read for display and w ^ 

buff^^ ^« . • ■ rdy_buf, the index of the 

ouffer containing the most up to da^« 

ho , ^ . "P to date picture which could 

be displayed if a buffer was reau^^r^n k ... 

J^equested by dispaddr. There 
is also a register containing buf iv ^Hi^y, ■ 

■a "ut_ix, which IS used as a 
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general pointer to a buffer- 

a Buffer. This register aets 

incremented f"D" innm- > ^ gets 

. . ^ ^"P"'' ^° to cycle through the buffers 

examining their status, or which gets assigned the value I 
one Of arr.buf, disp_5uf or rdy_buf when the status needs 
Changing ^11 of these registers (phO versions, are 
accessible fro. the microprocessor as part of the test 
address space. oid_ix is just a re-timed version of buf ix 
and IS used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old ix are 
decoded into three signals (each can hold the value ~l to 3) 
Which are output from this block. other outputs indicate 
Whether buf_ix has the same value as either arr buf or 
disp_buf, and whether either of rdy_buf and disp tuf have 
the value zero. Zero is not a reference to a buJfer. it 
merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 
determine if the current buffer index (buf ix, is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. a "i" in the control 
register indicates a three-buffer system, and a "O" 
indicates a two-buffer system. 
C.2.3.2.3 Bu ffer St«t-ii« 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
Slaves are the banks of three registers, and the master is 
a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix, . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level,. Buffer status, which is decoded at the 
bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value 



^.^..w^o v^xue incremented by one (or nno «i 

5 tl IT 1 ^"""^ ■^''« fi"' input 

5 to th.s adder is this.p„u„, the picture number „ the dLa 
currently being written. 



Suffer Slatui 




EMPTY 


00 


FUU 


01 


REaoy 


. 10 


»N_USE 


11 



Table C.2.1 Buffer Status Valu 



es 



This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 
registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) 
This_pnum is reset to -i so that- when the first picture 
arrives it is added to the output from the adder and 
hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 
C.2.3.2.4 P resentatican WumhoT. 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 
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was last examined. This is necessary because the picture 
cloc)c is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
is valid to do so. A representative sequence of events 
is shown in Figure 156, The signal incr_prn goes active 
the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 
to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result. 

C/2. 3,2,5 Te mporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

The function of this block is to calculate delta, the 
difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 
tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 
indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to z^ro and loaded, when 
appropriate, from the input data register. Similarly 
exptr IS reset to -i, and is incremented by either i or 
delta during the sequence of temporal reference states m 
addition, delta is reset to zero and is loaded with the 
difference between the other two registers. AH three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
controlled by the signal delta_calc. 
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C.2.3.2.6 Control Reai.^,^, f ^ m ur^g , , 

blocrr' -nager reside in the 

block bn,_uregs. These are the access bit register, setup 
register (defining the .axi.u. nu.ber of external buffers 
and xnternal/external picture clock,, and the target inde^ 
register. The access bit is synchronized as expected. The 
signals stopd_o, stopd_i and nstopd.l are derived form the 
OR of the access bit and the two event stop bits. Qpi 
address decoding for all of bmlogic is done by the block 
bm_udec. Which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 

^^^'3.2.7 Controlling st^i-o Machine 

The state machine logic originally occupied its own 
block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic . 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 
the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bm_index. 

Signals in the state machine hardware have been given 
simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral m. description of bmlogic 
(bmlogic, M) . 



590 




5T.?R£S 1 Jresng.iastate^PULLKfaym.f.'dv'^C 






1 ST.ORQ.(3ra_vaiid.di5D_acc.(rdy!.0).(diso'aO) 




• 1 ST.ORQ.ar<i.vaii(J.5i5o,acc.(fcSy!aO)-(diso«0) 




J 


1 ST.ORQ.dfq_vaiid.Cisp.acc.(rdy.aO).(di3o.=0).frofr-s 






\ ST.ORQ.dfQ.valid.cJiso.acc.(rdy«»0).(dr50*.0) ffOfr.l 




oo 


ST.ORQ.dfq.v4iid.ciso.acc.(rdy..O).(diso»»0).!(/r=rr-s*.v 


zrr.fl) 


1 K 


1 ST,ORQ,.'(crq.vaiid.iiso.acc).fromos 




! 


1 ST.ORQ.!(crQ.va(id.diso,acc)Jfomn 




1 MM 


1 ST_DRQ.;(dra.vaiid.ciso_acc).!(fromos*yromn) 




! ^ 


1 ST.iOKEN.rvf.oaMidr.aTEMPORAL REFERENCE 




1 ss 


1 ST_TOKEN.ivr.oa/.(.dr«TEMPORAL.REFER£NCE 


.M2SI 




1 ST.TOKEN.fvroar.(tdf«TEMPORAL.REFERENCE' 


.:h25i 


W 1 ST.TOKHN.rvr.oir.Odf—FLUSH) 


N 


I ST,TCK£N.ivf.3ar.r:df.«PlCTURE_START) 




0 


1 ST,TCKEN.ivf.oa/.(idr«-PICTURE_ENO) 


1 


P 


j ST_TOKEN.ivr.oar.(id/««<OTHER.TOKEN>) 




JJ 


1 ST.TOKcN.ivr.-oar.(idf««<OTHER.TOKEN>).,n.e«n 




KK 


1 ST_TOK£N.ivr.oaf.(idfaB<OTHER,TOKEN>).!in.enn 


} 




Q 


1 ST.TOK£N.!(r/r.oaf) 





lo c.2.2 Signal Names Used in the state Machine 
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^'^'^'^■Q Monitoring Qp^rAi^ i on rbminfo| 

In the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
presentation number can be observed during simulations. It 
IS written in M and produces an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table c.2.3 shows the user-accessible 

registers, and Table c.2.4 shows the contents of the test 
space . 
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Register Name 


Address 


Bits 


Reset State 


Function 


BU_BM_ACCESS 


0x10 


[0] 


1 


Access bit for buffer manager 


BU_BM_CTLO 


0x11 


[0] 


1 


Max buf isb: 1->3 buffers 0->2 






Ml 

L 'J 


1 


External picture clock select 


BU_BM_TARGETJX 


0x12 


[3:0] 


0x0 


For detecting arrival of picture 


BU_BM_PRESS_NUM 


0x13 


[7:0] 


0x00 


Presentation number 


BU_BM_THIS_PNUM 


0x14 


[7:0] 


OxFF 


Current picture number 


BU_BM_PIC_NUMO 


0x15 


[7:0] 


none 


Picture number in buffer 1 


BU_BM_PIC_NUM1 


0x16 


[7:0] 


none 


Picture number in buffer 2 


BU_BM_PIC_NUM2 


0x17 


[7:0] 


none 


Picture number in buffer 3 


BU_BM_TEMP_REF 


0x18 


[4:0] 


0x00 


Temporal reference from stream 



Table C.2.3 User-Accessible Registers 



Register Name 


Address 


Bits 


Reset 
State 


Function 


BU_BM_PRES_FLAG 


0x80 


[0] 


0.00 


Presentation flag 


BU_BM_EXP_TR 


0x81 


[4:0] 


OxFF 


Expected temporal reference 


BU_BM_TR_DELTA 


0x82 


[4:0] 


0x00 


Delta 


BU_BM_ARRJX 


0x83 


[1:0] 


0x0 


Arrival buffer index 


BU.BM_DSPJX 


0x84 


[1:0] 


0x0 


Display buffer index 


BU_BM_RDYJX 


0x85 


[1:0] 


0x0 


Ready buffer index 


BU_BM_BSTATE3 


0x86 


[1:0] 


0x0 


Buffer 3 status 


BU_BM_BSTATE2 


0x87 


[1:0] 


0x0 


Buffer 2 status 


BU_BM_BSTATE1 


0x88 


[1:0] 


0x0 


Buffer 1 status 


BU_BMJNDEX 


0x89 


[1:0] 


0x0 


Current buffer index 


BU_BM_STATE 


0x8A 


[4:0] 


0x00 


Buffer manager state 


BU_BM_FROMPS 


0x8B 


[0] 


0x0 


From PICTURE_START flag 


BU_BM_FROMFL 


0x8C 


[0] 


0x0 


From FLUSH_TOKEN flag 



Table C.2.4 Test Registers 
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operation of Thm 8tat« Machina 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
sho%m in Figure 157, and also as described in the 
behavioral description bmlogic.M. 





Value 


PRESO 


OiOO 


PRESt 


0x10 


ERROR 


0x1 F 


TEMP.REFO 


0x04 


TEMP.REFt 


OxOS 


TEMP_REF2 


0x06 


TEMP_REF3 


0x07 


ALLOC 


0x03 


NEW.5XP.TR 


0x00 


SET.ARRJX 


OxOE 


NEW.PIC.NUM 


OxOF 


FLUSH 


0x01 


DRO 


OxOB 


TOKEN 


OxOC 


OUTPUT_TAIL 


0x08 


VACATE.ROY 


0x17 


USE.RDY 


OxOA 


VACATE.OISP 


0x09 1 


PICTURE.ENO 


0x02 j 



Table C.2.5 Buffer States 
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C •2.4.1 Th« RttS«t 8tat« 

The reset state is PRESO, with flags set to zero such 
that the main loop circulated initially. 
C.2.4.2 The Main Loop 

The main loop of the state machine comprises the states 
sho%m in Figure 153 (high-lighted in the main diagram - 
Figure 152) . States PRESO and PRESl are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in C.2«3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRESO-PRESl loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index == max buf ) and the state 
then advances* A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pfes.num)&&((pic_num • pres_nufn)>=128) 
or 

(pic„num<pres_num)&&((pres_num - pic_nurn)<=128) 
or 

pic.num = pres.num 

State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
described later) . Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its stat 
updated. If neces^A^v. stat^ 
Cleared "««ssary, the previous display buffer is 

Cleared. The state machine then advances as before 

State TOKEN is the typical option for completing the main 
loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections,, otherwise control returns to 
State PRESO. 

control only diverges from the main loop when certain 
condxtxons are met. These are described in the following 
C3 sections. ^ 

C.2.4.3 Allocating The Ready Buffer Index 

If during the PRESO-PRESl loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 
because only one buffer can be designated ready at any 
time. state VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that When control returns to the Preso state, all 
buffers Will be tested for readiness. The reason for this 
IS that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it, and there is no 
record of our intended new ready buffer index. it is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer index 

Allocation Of the display buffer index takes place either 
directly from state DRQ (state USE_RDY, or via state 
VACATE.DISP Which clears the old displa~y buffer state. The 
Chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to i to 
30 return to state DRQ. Moreover. disp_buf is given the 
required index and the two-wire interface wires (disp_ valid 
and drq_acc, are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN, FLUSH and ALLOC does not need to be made in state 
3 5 USE_RDY. 

c.2.4.5 Operation when PICTURE_END Received 

On receipt of a PICTURE_END token, control transfers from 
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25 



iTrlir^" '° "^'^ "----H.EMO wHe.e, i. the index i. not 
already poxntxng at the current arrival buffer it is sit 

^ndln - '"^ status can b! 

updated as described below. if not, control regains in 
state PXCTURE_ENO until they are both true. The en ful^ 
signal is supplied by the write address generato'r to 
-dxcate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore 
safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result Of the test. if it is ready, rdy_buf is given the 
value Of its index and the set.la_ev signal (late arrival 
event) is set high (indicating that the expected display 
has got ahead in time of the decoding) . The new value of 
arr.buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 
index is reset to 1 and control returns to the start of the 
main loop. 

C.2.4.6 operation When PiCTORE_START Received (Allocation 
Arrival Buffer) 

When a PICTURE.START token arrives during state TOKEN 
the flag from_ps is set, causing the basic state machine 
loop to be Changed such that state ALLOC is visited instead 
Of state TOKEN. State ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
one Whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
allocated to arr_buf and its status is flagged as IN_USE. 
Index is set to l, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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fth. r determine if it is the same as targ ix 

et i.rirr. r^^'^ - -tup, an., i. 

set_.f._ev (xndex found event) is set high 

set'tp'thr ^^"-^XP_TR, SET.ARR_xx and NEW PXC MUM 

set up the new expected temporal reference and "picture 
nu„.er for the incoming data. The middle state ,ust sets 

repi::':'" ^° ^^^^ p^^— — 

register xs updated (note that this_pnum is also updated) 
control then proceeds to state OUTPUT.TAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop IS re-started. This means that whole data blocks (64 
Items) are output, in between which, there are no tests for 
presentation flags or display requests. 
C.2.4.7 operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst fid) 
Should be reset. This can only occur when all of the'data 
leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
n^onxtor the status of all of the buffers until it is 
certain that all frames have been handed over to the 

MPT ''and'th"' °' ''"""^ — 

EMPTY, and the other is IN.USE (as the display buffer,. At 

that point, a "new sequence" can safely be used 

When a FLUSH token is detected in state TOKEN, the flag 

from_fl IS set, causing the basic state machine loop to be 
Changed such that state FLUSH is visited instead of state 
TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 
When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to 1. 
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ZlJY" loop 
operation is resumed. ^ 

C.2.4.8 operation When TEMPORAI._reference Received 

When a TEMPORAL.REFERENCE token is encountered, a check 
- made on the H.261 bit and, if set, the four states 
XHMP.REEO to TEMP.REE3 are visited. These perform the 
following operations: 

TEMP_REFO : temp_ref =in_data_reg; 

TEMP_REF1 : del ta=temp_ref -exp_tr ; index=ar r_buf ; 

TEMP_REF2 : exp_tr=del ta+exp_tr ; 

TEMP_REF3 : pic_num[ i ] =this_pnum+delta ; index=i . 
C.2.4.9 Other Tokens and Tails 

State TOKEN passes control to state OUTPUT_TAIL in all 
cases other than those outlined above. Control remains 
here until the last word of the tolcen is encountered 
(in_extn_reg is low, and the main loop is then re-entered. 
C.2.5 Applications Notes 

C.2.5.1 State Machine stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous- 
timing events of picture clock and display buffer request 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply Of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 
manager. A typical sequence of states may be PRESO, PRESl 
DRQ, TOKEN, OUTPUT_TAIL, each, with the exception of 
OUTPUT_TAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 
PRESO, PRESl and DRQ) thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 
on a once-per-f rame basis. 

C.2.5. 2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 
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the schematic shown in C.2.3.2.4 .eans that presentation 
number free-runs during upi accesses. if presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
effected by reading presentation" number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 

C.2.S.3 H261 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 

frames are always sequential. 
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SECTION C.3 Write Address Generation 
c • 3 • 1 Zatroduet ioa 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 
stored so that lines may be retrieved easily for display. 
C.3. 2 ruBctioaal Overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token), the write address generator is 
required to produce a new block address. It is not 
necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 
obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

Considering the picture format shown in Figure 161, 
expected address sequences can be derived for both standard 
and H.261-like data streams. These are shown below. Note 
that the format does not actually conform to the H.261 
specification because the slices are not wide enough (3 
macroblocks rather than 11) but the same "half -picture- 
width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" . Data arrives as 
full macroblocks, 4:2:0 in the example shown, and each 
component is stored in its own area of the specified 
buffer. 



Standard address sequence: 
000.00 1 .OOC.OOD. 1 00.200: 
002.003.00E.OOF. 1 0 1 ,20 1 ; 
0O4 .005 .0 1 0.0 1 1 . 1 02.202: 
006.007,0 12.01 3. 1 03^03: 
OOa.009,014.015, 104.105; 
OOA.OOB.Ol 6.01 7. 105.205; 
018.019,024.025.106.107; 
01A.01B.026 



080.081 .oec.oeo. 1 22,222; 

Oa2.083.08e.08P. 1 23.223: 

H26l-type sequence: 

000.001, OOC.OOD. 100.2CO; 

002.003.00E.00F.101. 201; 

004,005.01 0.01 1 , 1 02.202; 

01 8,01 9.024.025,1 06.107; 

01 A,01B.026.027. 107.207; 

01 C.01 0.028.029, 1 08.208: 

030,03 1 .03C.03D, 1 0C,20C. 
032.033.03E.03F.10D,20D; 
034,035,040.041 .10E,20E: 
006.007.01 2.01 3.1 03^03; 
008.009.014.015,104.105; 
00A.00B.01 6.01 7, 1 05.205; 
0 1 E .0 1 F.02 A.02 B , 1 09.209; 
020,02 1 .02C,02D. 1 0A^OA; 
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C22.023.02E.02F.10B.20B: 
035.037.042.043. lOF^OF 
038.039.044,045. 1 1 0.21 0 
C3A.03B.046.047. 11 1,211 
048.049.054,055.112.212 
04A.04B.056 



06A.06B.076.077. 11 D,21 D; 
07E.07F.08A.08B.121.221; 
080.08 1 .08C.080, 1 22.222; 
082.083.0eE.08F.1 23:223: 

C . 3 • 3 Architecture 
C,3.3.1 Interfaces 

C. 3 . 3 . 1 . 1 Interface to buffer manager 

The buffer manager outputs data and the buffer index 
directly to the write address generator. This is perforned 
under the control of a two-wire-interface. In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 
two separate (but similar) clock generators. 
C>3.3.1.2 I nterface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire-interface, and the dramif uses each of them in 
different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
C.3.3.1.3 M icroprocessor Interface 

The write address generator uses three bits of 
i-nicroprocessor address space together with 3-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3. 3, 1.4 Ev^r>l>o 



The wrxte address generator is capable of producing five 
different events. Two are in response to picture size 
xnforrnatxon appearing in the data stream (h.bs and v.bs) 
and three are in response to DEFINE.SAWPLING tokens (one 
event for each component. 
C.3.3.2 Basic Structure 

The structure of the write 

^ address generator is shown in 

the schematic waddrgen sch t+- ^. 

. rgen.sch. It comprises a datapath, some 
controlling logic, and snoopers and synchronization. 

^■^•^'2.1 The Datapath ( »^w.,^p- ^.^ y 

The datapath is of the type described in Chapter C.5 of 
this document, comprising an i8-bit adder/subtractor and 
^ 15 ]T'T '''' C.3.3.4), and producing a zero flag 

(based on the adder output, for use in the control logic 
^■^■^'2.7 The ContT- ollinq t ^ 

The controlling logic of the present invention consists 
Of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 

xnterface signals, and also includes the writable control 

real ci-*si-<- 



ru 15 



C. 3 



^•^•^ Snoopers and svn,.h,-^ nizats an 

super snoopers exist on both the data and address ports 
snoopers in the datapaths, controlled as super-snoopers 
2. from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 
30 c.3.3.3 controlling Logic and state Machine 

^■^'^'^ l Input/output B1o,.|r inoi.t) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
_ token decode) and arrival buffer index (for decoding four 
-3 ^"ays) . 

^'^'^'^•l Two Cvela control Rioek f.,., 

The flag fc (first cycle) is maintained here and 
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indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
Component Count (va comp) 

Separate addresses are required for data blocks in each 
component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
c.3.3,3>4 Wodulo*3 Control (va mod3) 

When generating address sequences for H.261 data streams, 
it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
maintaining a modulo-3 counter, incremented each time a new 
row of macroblocks is visited. 
C.3.3.3.S Control Registers (va ureas) 

Module wa_uregs contains the setup register and the 
coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits: QCIF (Isb) 
and the maximum component expected in the data stream (bits 
1 and 2). The access bit also resides in this block 
(synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
and the lower two bits of the address bus. 
C.3«3>3>6 Controlling state Machine (va state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
(drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire-interface controls, and the 
five event signals. 
C.3.3>3>7 Event Generation 

The five event bits are generated as a result of certain 
tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 



calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware. " 
C.3.3.4 Register Address Map 

There are two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and c.3.2, respectively. 



Re^TSier Name 


'Address 


Bils 


Reset 
S:ate 


f rur.cn on 1 

1 

i 


auwAOOP.CCO...... |0,4 |2 ,0 jCo.s»,.=„,..a„sv..-. • 


1 SU.WAOOR.ACCESS joxS j, |o | Ac«« 


BU_WAOOfl.CTL» 


0x6 


3 


0 


majt c orr. 00 nent( 2: i j aro j 
CCl?[0I 1 


3U.WA,AOOR,SNP2 


OiBO j 8 




snooper on :r:e write | 
address ;enera:or 
addre&s ofo. j 


9U.WA_A0DR.SNP1 


0x8 t j d 


3U_WA.ADOR.SNP0 


OxB2 


8 


3U,%VA_0ATA,SNP1 | OxS4 


8 




snocoer on da:a oursut z\ 
WA } 


3U.WA_OATA_SNP0 


0x85 


8 



Table C.3.1 Top-Level Registers 
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Key.roK i=^egister Name 
I 3'J.WACC.=^,9U?=£=0.9AS=.MS8 



3U.WACCP.3UFr=R0.3AS=.MfO 



j 3U.WAOOR.3UPr=.qo.3AS = .'.S3 



I 3c.wAccn.3uPr=.qt_3AS=.Msa 



2U,WAOOR.3UFr =3 1 _9aSc.MI0 



i Keynote 



Adcrass i 



:x95 



I Cx36 



2x87 



I Cx99 



Ox3a 









' Laacec 


! 3U_WACCfl.3U?F€Rl.9AS£.!.Sa 


wxao 


\ 3 


i 


3U WAOOP. 5Urr-2^2 9AS? 


1 0x86 


2 


i Must re 


3U WACCP =Ur--a5 PA^P \Atn 

— — — — _ 3 ^ O C 1 w 


1 Oz6« 


« ! L=acec 


1 3U WACC3 3UFFe?W s^ACr i ca 


OxSt 


9 i 


3U vvaOCR '"f^MPn MJUBAnna k^eo 


j 0x91 


2 


i Tes: cr.y 




0x92 


8 : 


3u_./«uuH_^^MP0.MM3A00fl.LS3 


I 0x93 


9 


3U WACD?^ ^^MP 1 MMftA.ina jijca 


0x95 j 


2 




j 3U.V/ACO=n_COMPl,HMaAOOR_MlO 


0x96 - j 


3 


1 

1 


1 au,V/A00R.CCMPl.HWBA0CR.LS8 


0x97 j 


6 


! i 


3U_WACOR.COMP2_HMBAOOR..V1S8 


0r99 


2 


1 Tesccniy ; 


au,WAOOR.CCMP2.HM9ADOR.MIO 


Cz9a 1 


8 


1 ! 


3U.WAOOR.COMP2_MMaAOOR.LSB 


0x9b j 


8 


! 1 


au_VMOOR_COMP0.VMBA0OR.MSB 1 


0x9d j 


2 


Tes; cr.iy t 


BU.WAO0R_COMP0.VMBAOOR.MIO | 


0x9e 


» 


1 ! 


SU_WACOR.COMP0.VMBAOOR_LS8 1 


0x9f 1 


8 


1 
I 


BU.WAOOR.COMP 1 .VMBAODR.MSB | 


Oxal 1 


2 ! 


Test crry 


au.WAOCR.COMPt.VMBAOOR.MlO 




8 I 


i 


BU.WAOOR.COMP t .VMBAOOR.LSB 1 




3 1 




3U.WAOOR.COMP2.VMBAOOR_MSB 1 


OxaS i 


2 ; 


Tes: :r./ 


3U.VVA0OR.CCMP2.VM8A0OR_MIO 1 


0xa6 1 


^ ! 


! 


9U_WACOR_CCMP2_VMSACOR.LSB 


0xa7 1 


s i 


i 


au.WAOOR.VBAOOR.MSB 1 


0xa9 1 






au.WAOCR.VBAOOR.MlO j 


Oxaa 1 


3 i 




3U_v/A00R_VBA00R_LSa 1 


Oxao 1 


9 i 





Table c.3.2 Image Formatter Address Generator Keyhole 




le C.3.2 image Formatter Address Generator Kevhole 



Table c.3.2 image formatter Address Generator Keyhole 
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1 




ail lAJAnno ^m^art i act lid q^ra/ Ljca 


Olios 


2 


Must 00 1 


ai 1 \A/Af^nB ^ftA^art i act &^ci anuu um 


Oil 06 


6 




mi M/APtno r*oiAsn i act juiq boia/ i cn 


Oil 07 


6 




ntj WAnnn r^oiJiDi i act ajib ocMi uca 


Oil 09 


2 


Must 5e 


3U.VVAOOR.COMP1_L>ST.M8_ROW_MIO 


OziOa 


8 


Loacec 


f 

1 9U_WACCn_C0MP1.LAST..Vl8.flOW.US8 


Oziob 


8 


i 


aU.WAOOR.COMP2,l>ST.MB.ROW_MS8 


OiiOd 




Must se 1 


8U.WAOOR.CCMP2.L>ST.MB.ROW_MID 


OzlO« 


8 


Lcaced ! 


8U,WA00R,COMP2.L>ST,M8.ROW.LSB 


on Of 


8 




BU_WAOOfl.COMP0.H8S.MSS 


Oi 111 




Must :e 


3U.WAOOR.COMPO_M8S.MIO 


Oz 112 


8 




3U_WAOOR.CCMPO H8S LS8 


Ox 1 13 


8 




aU.WAOOR.COMPi HBS MSB 


0x1 1$ 


2 


Must oe 


8U WAODR COMPI MRS Min 


0x1 16 


8 


j 

Loatfrt 


SU WAODR ^HMPi HflC 1 ca 


0x1 17 


8 






0x119 




Mus; :e 




Oztia 


8 


Loaded 


t5U.WAUUM_t*UMP2.MS5.L5B 


0x1 lb 


8 




BU.WAOOR.COMPO MAXM3 


Hvl If 
UZ1 II 


2 


Musi :e 


BU.WAOOR.COMPI.MAJCHB 


0x123 


2 


i 

Loaced | 


3U.WA00R_C0MP2.MA;CH8 


0x127 


2 


1 


3U_WAODR_COMP0.MAJCVB 


Ox 12b 


2 


Must 


bu.waoor.compi.maxvb 


Oxi2f 1 


2 


Loaced 


BU.WA00fl.COMP2.MAXVB 


0x133 1 


2 





Tatola c.3.a Immgm Formatter Address G«n«rator K«yhol« 



The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
r\inning totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 



610 



C.3.4 Prograaalng th^ Writ« Address O^n^rator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 

1) WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
macroblocks, of the incoming picture. 

4) WADDR_LAST_MB_IN_ROW: this defines the block 
n\imber of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks, block numbering starts at 
zero in the top left corner of the left-most 
macroblock, increases across the frame 

with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

5) WADDR_LAST_MB_IN_HALF_ROW: this is similar 
to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks . 

6) WADDR_LAST_ROW_IN_MB: this defines the block 
number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BLOCKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 
single, full-width row of macroblocks. 

8 ) WADDR_LAST_MB_ROW : this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

9) WADDR_HBS: this defines the width in blocks 
of the incoming picture - 

10) WADDR_MAXHB: this defines the block number 



of the right-most block in a row of blocks in 
a single aacroblock. 
11)WADDR_MAXVB: this defines the height-1, in 
blocks, of a single nacroblock. 
In addition, the registers defining the organization of 
the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-, and can be 1 minimum 
and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 

The screen configuration illustrated in Figure 162 yields 
the following register values: 

1) WADDR_HALF_WIDTHJN_BLOCKS = 0x16 

2) WAD0R_MBS_WIDE = 0x16 

3) WADDR_MBS_HIGH = 0x12 

4) WADDR_LAST_MB_IN_ROW = 0x2A 

5) WADDR,LAST_MB_!N_HALF.ROW = 0x14 

6) WADDR.LAST_.R0WJN_MB = 0x2C 

7) WADDR_BL0CKS_PER_MB_R0W = 0x58 
B)WADDR.LAST_MB_ROW = 0x5D8 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXVB = 1 

11) WADDR_MAXH3 = 1 
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op^ratloB of Tli« 8tmt« KachiBtt 

Th«re are 19 states in the buffer manager's state 
machine, as detailed in Table C,3.3, These interact as 
shown in Figure 164, and also as described in the 
behavioral description, bmlogic.M. 



State 


Value 


IDLE 


0x00 1 


DATA 


0x10 j 


COOING .STANOAflO 


OxOC 


HORZ.MBSO 


0x07 


HOR2.M8S1 


0z0€ 


VERT.MSSO 


OxOB 


VERT.MBSI 


OxOA 


OUTPUT.TAIL 


OxCd 


HB 


0x11 


MBO 


OxlO 


M61 


0x12 


MB2 


OxtE 1 


MB3 


0x13 


M&4 


OxOE 


M95 1 


0X14 


M86 


0x15 1 


M8-»A 1 


oiie 1 



Table C.3.3 Write Address Generator States 
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Stat* 


Value 


MB46 


0x09 


MS4C 


0x17 


M&40 


0x16 


AOORl 


0x19 


A00R2 


OxIA 


• A00n3 


OxiB 




OxiC 


A00R5 


0x03 


MSAMP 


0x05 


VSAMP 


0x04 


PIC.STI 


OxOf 


PIC_ST2 


0x01 


P1C_5T3 


0x02 



Tabl« C.3.3 Writ« Address GM^rator States 
C.3.5.1 Calculation of tha Addrass 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDRl and then through to state 
ADDR5, from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDRl through to ADDR5 are: 

BU_WADDR_SCRATCH=BU_BUFFERn_BASE 

+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH=BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
+BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 

1) BU_WADDR_VMBADDR: the block address (the top left 
block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained, 
- 5 3) BU_WADDR_VBADDR: the block address, within the 

mAcrotlock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
10 the macroblock, of the block whose address is 

being calculated* 

5) BU_WADDR_SCRATCH: the scratch register used for 
1^ temporary storage of intermediate results, 

□ Considering Figure 163, and taking, for example, the 

15 calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 
H SCRATCH«BUFFERn_BASE+COMPm_OFFSET; (assume O) 

r SCRATCH=0+0X5D8 ; 

I y SCRATCH=0x5D8+0x2 8 ; 

O 2 0 SCRATCH=OX600+OX2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

c.3.5.2 Calculmtion of Mew Screen Location Parameters 

2 5 When the address has been output, the state machine 

continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB6 do the calculations, 
transferring control at some point to state DATA from which 

3 0 the reminder of the DATA Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
3 5 fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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=r:/ale= ^ the •.„=.• sequence 

Of srates. if not. all counts are deemed to be correct 

::n";er calculation, and cH 

transfers to state DATA. 

Not. that all states ..ic. involve the use or an addition 
or subtraction ta.e two cycles to complete (allowin, he 
se Of a standard, ripple-carry adder,, this bein, effected 
by the use of a fla,, fc (first cycle, which alternates 
between 1 and 0 for adder-based states. 

All Of the address calculation and screen location 
calculation states allow data rr. k. 

f>„„,.Ki. > «iJOW data to be output assuming 

favorable two-wire interface conditions 
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iMPEc3-^^Y^-t TnfTiir 

The sequence of operations is as follows (in which the 
° flag xs based on the output of the adder)- 



2ero 

5 states HB and MBO 

scratch = hb - maxhb; 
if (z) 

hb = 0; 
else 
10 ( 

0 = hb + 1 

^.0 new^state - DATA; 

.1 ) 

H states MBl and MB2 : 

1 15 scratch = vb_addr - last_row in mb; 

ry if (2) 

vb_addr = O; 

i;^ ( 

I '° = -^--ddr * width_in blocks; 

new_state = DATA; 

) 

states MB3 and MB4 : 

scratch = hinb_addr - last mb in row; 
25 if (2) - - 

hmb_addr = o ; 
else 
( 

hmb_addr = hmb_addr * maxhb; 
3 0 new_state = DATA; 

) 

states MBS and MBS: 

scratch = vmb_addr - last_mb_row; 
if Cz) 

V7nb_addr = v7T,b_addr * blocks_per_mb_row ■ 
(vmb.addr is reset after a PIC^URE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . 

C.3.S.2.2 Calnula<^^»»« h.26i s«^ „ 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MHO: -as above 

states MBl and MB2 : -as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (2 & (mod3==2)) /*end of slice on right of screen*/ 

10 ( ' 

hnib_addr - O; 
new_state - MB5; 

) 

else if (2) /*end of row on right of screen*/ 

15 ( 

hmb_addr = half_width_in_blocks; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hinb_addr - last_nb_in_half_row ; 
new-state = MB4B; 

} 
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state MB4A: 

vmb.addr = vTnb.addr • blocks .per.rris.r 
r.ev_scate = DATA; 



State (MB4) and MB48: 

■scratch = hrab.addr - lasc.mb.in.half.row; ) 

if (z & (.•nod3..2) ) /-end of slice on lefc of screen-/ 

{ 

>'-"^'3.addr - hmb.addr * r^ib; 
r.ew_scace = KB4C; 

} 

else if (2) /•end of row on left of screen*/ 

( 

rjTib.addr » 0 ; 
"e*-'_scace = MB4A; 

} 

else 

.^M.addr = hnib.addr * maxhb; 
r.ew^scate « DATA; 



States MB4C and MB4D: 

'/nb.addr » vrab.addr - blocJcs_per_mb_row; 
vmb.addr ■ vrnb.addr - blocits jer.rob^row.- 
new^stace « DATA; 

States MBSand MB6:- as above 
C.3.5.3 Operation on PICTURE.START Token 

When a PICTURE.START token is received, control passes to state PIC.ST1 wher 
vb.addf register (BU.WADDR.VBAODR) is reset to 0. Each of stales P!C_ST2 and PiC.ST 
then visited, once for each component, resetting hmb.addr and vmb.addr respectrveiy. Co 
then returns, via state OUTPUT.TAIL, to IDLE. 
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C.3.5.3 Operation on PICTURE^START To)cen 

When a PICTURE_START token is received, conrrol passes 
to state PIC_ST1 Where the vb_addr register 
{BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vinb_addr, respectively. Control 
then returns., via state OUTPUT_TAIL, to IDLE. 
C.3.5.4 Operation on DEFINE_sampling Token 

When a DEFINE_SAMPLING token is received, the component 
register is loaded with the least significant two bits of 
fi ^"P"^ '^^t^- I" addition, via states HSAMP and VSAMP, 

the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 
i:n 15 token to be written) . 

C.3.5.S Operation on HORIZONTAL_MBS and VERTICAL_MBS 

When each of HORIZONTAL_MBS and VERTICAL_MBS arrive, the 
O 14-bit value contained in the token is written, in two 

i;^ cycles, to the appropriate register. The relevant event 

|:3 20 bit is triggered, delayed by one cycle. 

H C.3.5.6 Other Tokens 

The CODING_STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD. register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 
25 is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT_TAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 
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SECTION C.4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists Of four state machine/datapath blocks. The first 
"dline" generates line addresses and distributes then, to 
the other three (one for each component, identical 
page/block address generators, "dramct Is" . All blocks aro 
linked by two wire interfaces. The „odes of operation 
include all combinations of interlaced/progressive, first 
field upper/lower, and frane start on upper/ lower/both 
The Table c.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C.I3 
gives a progran.n,ing example for both address generators. 
C.4. 2 Line Address Generator (dline) 

This block calculates the line start addresses for each 
component. Table C.3.4 shows the 18 bit datapath registers 
in dime. 

Note the distinction between DISP_register name and 
ADDR_regxster_name DISP _name registers are in" dispaddr 
only and means that the register is specific to the display 
area to be read out of the DRAM. ADDR_name means that the 
register describes something about the structure of the 
external buffers. 
Operation 

The basic operation of dline, ignoring all modes repeats 
etc. is: 

if (vsync_start)/* first active cycle of vsync*/ 
comp = 0 

DISP_VB_CNT_COMPC comp ] =0 ; 

LIME [ comp ] =BUFFER_BASE[ comp ] +0 ; 

LlNEicompj=LINEi-comp]^DISP_COMP_OFFSET[comp) ; 
While (VB_CNT_COMP(comp)<DISP_VBS_COMP(comp) ' 

-hile (line_count :corr.p]<3) 
( 



while (compo) 
( 

-OUTPUT LINEfcompJto dramct 1 [ comp ] 

1 ine C comp ) =lINE [ comp ] *ADDR_HBS_COMP [ c 

comp = comp + i; 

) 

1 ine_coun t [ comp J =1 ine_count C comp ] 1 ; 

) 

VB_CNT_COMP C comp ] = VB_CNT_COMP [ comp ] * l 

1 ine_count ( comp ) ==o ; 

} 

) 
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TABLE C.4.3 CONTROL REGISTERS 
C , 4 . 3 . 1 LINE8_IN_LX8T_R0V [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 
the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 • 3 . 2 DI8PADDR_ACCE88 

This is the access bit for the whole of dispaddr. On 
writing a "1" to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Note that the upi is actively locked out from the datapath 
registers until the access bit is "i". m order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access win only given and 
= released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
10 the display window and is programmed in the output 
controller (not dispaddr). Note: it is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
15 high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. If the software is too slow and doesn't 
release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish). 
C. 4 . 3 . 3 DISPADDR_CTLO(.7 : 0] 

When reading the following descriptions, it is important 
to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field), and frames (each buffer contains an entire frame - 
30 interlaced or not) 

DISPADDR_CTL0[7:0)contains the following control bits: 
SYNC_MODE[ 1:0] 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
3= In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1: Bottom Field 

2:Both Fields 

3:Both Fields 

At Startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready 
dispaddr will receive a zero (no display) buffer. When it 
finally gets a good buffer index, dispaddr has no idea 
Where it is on the display. it may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync, 

READ_START 

For interlaced displays at startup, this bit determines 
on Which vsync display will actually start. Furthermore 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 

INTERLACED/ PROGRESSIVE 

0 : Progressive 

1 : Interlaced 

In progressive mode, all lines are read out of the 
display area of the buffer. m interlaced mode, only 
alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the fi^iH ir.^^ 

une iieid^mfo Signal seen by 

the line counter. Thus, reading may be started on the 

correct line of a frame and aligned to the display 

regardless of the convention adopted by the encoder, the 

display or the Top-Level Registers. 
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Block start * 2 
Block stop = 7 

Each of these three machines has 5 datapath registers. These are shown in Ta&ie C.3A ^ 

The basic behaviour of each dramct! is:- 
while (true) 
{ 

S3 CNT LEFT = 0; 

v4 GET.A.NEW.UNE.ADORESS from dline; 

1^ BLOCK.ADOR = input.block.addr ♦ 0; 

■:5 PAG£_ADOR = input jage.addr ♦ 0: 

ry CNT_LEFT = DISP_HBS 0; 

wfiile (CNT.LEFT > BLOCKS.LEFT) 
Q ( 

ry BLOCKS.LEF=T = 6 - BLOCK.AOOR; 

■"=^ output PAGE AOOR. startssBLOCK ADDR. stop=7. 

PAGE.ADOR = PAGE.AODR * 1; 

BLOCK.AODR a 0; 

CNT.LEFT = CNTT.LEFT - BLOCKS.LEFT; 
} 

r Last Page of line V 

CNT.LEFT = CNT.LEFT ♦ BLOCK_A0DR: 
Chn.LEFT = Crn-.LEFT - 1 ; 

— > output PAGE.ADOR.start=BLOCK_ADDR.stop=CNT_L5rT 

) 
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Table C.3.5 Dramcti(Oj & 2) Datapath Registers 




.=AG=,A00R1 



?AGc_A00R2 



aLCCK.AOORO 



3LCCK.A00R1 



3LCC/<_AOOR2 



3UOCKS_L£FT0 



3LOCKS.LEFTI 



3LOCKS_L£FT2 



■°rcgramming 

The fcllcwing 15 dispaddf registers mus; be prograrrimed before operation can -ecin. 

BUP?ER_BASE0.1,2 

DISP_COMP_OFFSET0,1.2 

OISP_VBS_COMPO,1.2 

AOOR_HBS_COMP0.1.2 

OISP_COMP0.1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(field_info-HIGH) . Figure 159, -Buffer 0 Containing a SIT 
- 5 (22 by 18 macroblocks) picture," shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn antt the equivalent write 

-.^ 10 address generator register are equal, i.e., the area to be 

■g read is the entire buffer. 

-I Windowing with the Read Address Generator 

1^ It is possible to program dispaddr such that it will read 

O only a portion (window) of the buffer. The size of the 

15 window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPON ENT_0 F F S ET , .and 

1-^ LINES_IN_IAST_ROW. Figure 160, «SIF Component O with a 

display window," shows how this is achieved (for component 
lU O only) . 

O 2 0 In this example, the register setting would be: 

BUFFER_BASEO - OxOO 
DISP_COMP_OFFSETO = Ox2D 
DISP_VBS_COMPO « 0x22 
ADDR_HBS_COMPO « 0x2 C 

2 5 DISP_HBS_COMO = 0x2 A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) , 

3 0 ©This example is not practical with anything other than 

4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries . 

• The color space converter will hang up if the data it 
3 5 receives is not 4:4:4. This means that these read 

windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.5 Datapaths for Address Generation 

The datapaths used in dispaddr and waddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath,". Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 
All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 
"phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 
allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 
are disabled and one of a set of three byte addressed 
vnrite strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 
• Reading: This is achieved using the A and B buses. 
Once again, the access bit roust be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 

As double cycle datapath operations require the A and B 
buses to retain their values, and upi accesses disrupt 



these, access must onlv be 

machine before the s«rt oV """"-'^ «ate 

All d,,.. .K datapath operation. 

a..:::.:r : ,rrr;" ^.r" — — 

for the dat, , ' l^ayhole, and Ox2A 

C.Ii . "'"'^ addresses are given in Table 

Notes : 

DAll address registers in the address 

generators (dispaddr and waddrgen, contain 
blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN LAST ROW 
registers. 

2) some registers are duplicated between the 
address generators, e.g., buffer_baseo occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
whxch BOTH need loading. This allows display 
windowing (only reading a portion of the 
display store) , and eases the display of 
formats other than 3 component video 
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SECTION C.6 The DR.\M Interface 
C,6,i Overview 

in the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. in all three devices the 
function Of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the Chip via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
IS asynchronous to both the address generator and to the 
Clocks of the various blocks through which data is passed 
This asynchronism is readily managed, however, because the 
Clocks are operating at approximately the same frequency 

Data IS usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder, 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of raMs operated in a 
double-buffered configuration, with the DRAM interface 
.illing or emptying one RAM while another part of the chip 
empties or fills the other RAM. a separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case 
In the spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
CO the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to' the 
Video Formatter. 

C.6.2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 
DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 
single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 
interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit O) is incremented and the x address (3 LSBs) is 
reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 
Chat less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above), and the stop 
value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION C.T Vertical Upsampling 

C, 7 . 1 Introduction 

Given a raster scan of pixels of one color component at 
Its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
c.7.2 Ports 

Input two wire interface: 

•in_vaiid 

• in_accept 

•in_data( 7 :0] 

•in_lastpel 

•in_lastline 

Output two wire interface: 

•out_vaiid 

•out_accept 

•out_data(9 : 0) 

•out_last 

mode( 2:0] 

nupdataC7:oj, upaddr, upsel[3:0), uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 

phO, phi, notrsto 
C.7.3 Mode 

As selected by the input bus mode[2:0]. 

Mode register values l and 7 are not used. 

In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C.7.3.1 Mode OrFifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C. 7,3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 

A-> ABACBDBCCDD 
C.7.3.3 Mode 4: Lower 

Each input, line produces two output lines. m this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
the pair is the average of the current input line and the 
previous input line. m the case of the first input line 
•-•here there is no previous line to use, the input line is 
repeated . 

This should be selected where chroma samples are co-sited 
with the lower luma samples. 

A-> ABAC(A-*-B) /2DB{B-^C) /2C(C*D) /2D 
C.7.3.4 Mode S: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
the average of adjacent input lines. The last output line 
is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
with the upper luma samples. 

A-> AB(A*B) /2CBD(B+C) /2C(C+D) /2DD 
C.7.3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. m order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 

A-> AB(3A*B)/4C(A + 3B)/4D(3B^CW4(B + 3C)/4 
(3C*D) /4 (C+3D) /4D 

C.7.4 How It Works 

There are two linestores, imaginatively designated "a" 
and "b". In "FIFO" and "repeat" modes, only linestore "a" 
is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel, it should be high coincident with the 
_ = last pixel Of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of th. 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 
10 In "repeat" mode, each line is written into store "a". 

The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b" . The first 
15 line Of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
IS m each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 
^ 20 the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.5 UPI 

25 This block contains two 512 x 8 bit RAM arrays, which may 

be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 

C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers , one for each color 
component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. m all, there are four modes of 
operation : 

Table c.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


0 


Straight-through (no processing). The reset stale. j 


1 


No up-sampling, filter using a 3-tap FIR filter. 


2 


x2 up-sampling and filtering 


3 


x4 up-sampling and filtering 



c.8. 2 Using a Horizontal Up-sampler 

The address map for each Horizontal Up-sampler consists 
of 25 locations corresponding to 12 l3-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.i. Depending on the mode, some or 
all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x„, is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 
as follows: 
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Table C.7.2 Coefficients for 



Mode 1 



Ccen 


All c:ocK >ef;ocj 




COO ; 


1 


ciO 


1 


c20 



Table C.7,3 Coefficients for 



Mode 2 



•4 



1 Coen 


is( clock period 


2nd clocK oenod 




cOO 


cot 


k1 


I 


CIO 


cti i 


k2 


1 c^O 


1 



5 — 
VI ■ 

n 



Table C.7.4 Coefficients for Mode 3 



1 Cc«rr 


1 St dock otnod 


2nd clock penod 


1 3rd ciock penod 




! -0 


cOO 


cOi 


1 C02 


C03 


i«' 1 


CIO 


en 


1 -^'^ 1 


C13 

• 


1 


c20 


c2l 


e22 1 


c23 
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coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

in order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 

For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because, residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. a indicates 
15 that the value of the coefficient is "don't care." All 
values are in hexadecimal. 
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Table C.7.5 Sample Coefficients 



i 

j Coef?:cient 


x2 up-sarrpta. o/p peis 
coincident with i/p 


^ up-sampitt. o/p pels in 
between Vq 


x4 up-samcte. c/z rfi:s 

Cerween .o j 


; cOO 


0000 


01BO 


0OE9 1 


1 cOl 


0000 


010B 


00B6 ; 


: C02 






012A ! 


i C03 






0102 ; 


! CIO 


0800 


0538 


0661 


cn 


0400 


0538 


0661 


I C12 




0^6 


1 C13 






029r 


c20 


0000 


010B 


0055 


; c2l 


0400 


01BO 1 


0059 


c22 1 


1 0290 


C23 j 


045 = 
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C.S,3 Dascription of a Boriiontal np-6«Bpl«r 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsanple case. 
In addition, x2 upsaopling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode O) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated, 

1) When valid data is latched in the input 

latch ("L"), it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF*') are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
"PIPE") are clocked. Thus, for input data x^, 
the first PIPE will fill up with the values cOO.x,, 
cOl.x,, c02,x,, C03.X,. 

3) Similarly, the second multiplier will multiply x, 

by of its coefficients, in turn, and the third 
multiplier by all its coefficients, in turn. 
It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table c.7.6 output Sequence for Mode 3 



ClocU Penod 


OuriDui 




C20.X. 




* cOO.4,., 
















* cC2.x^.j 


3 






• C03.X.., 



From the point of view of the output, each clock period 
2 5 produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values) , this can 
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be .hou,ht Of a. i»pl,„enti„, a I. tap alter on ,p. 
sampled input pixels. 

For « upsamplin,. the operation is essentially the same 
except the input data is only heia for two cloc. per : ' 
Furthermore, only two coefficients are used and the ..pipe.: 
blocs are shortened by means of the multiplexers 
illustrated. For xl filterln,. the input is only held for 

T.J'"^" "P'"-'^. one coefficient and one 

"PIPE" stage are used. 

We now discuss a few nt3t«sc av-.^.,*- 

notes about some peculiarities of 
the implementation in the present invention. 

DThe datapath width and coefficient width (13 bit 2's 
complement, were chosen so that the same multiplier 
y ""'^ " designed for the Color-Space 

jn 1= converter. These widths are more than adequate for the 

r purpose of the Horizontal Up-sampler 

H 2)The multiplexers which multiplex the coefficients onto 

J: l""^ multipliers are shared with the UPI readback. This 

has led to some complications in the structure of the 
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6 ^ 

2 0 



schematics (primarily because of difficulty in CCODE 
generation), but the actual circuit is smaller 
3)As in the color-space converter, carry-save 
multxpl.ers are used, the result only being resolved at 
the end. 

25 control for the entire Horizontal Up-sampler can be 

regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
vxa the UPI determines the length of a programmable shift 
30 register (bob, . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
Clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_ valid 
3 5 0"t_accept (for the two-wire interface, and the signal 
in_last". This signal is passed on from the vertical ud- 
sampler and is high for the last pixel of every line. Th":s 
allows the first and last pixels of each line to te 
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replicated twice-over and the 
between lines (the pipeline 
redundant data immediately 
completed) . 



clearing down of the pipeline 
contains partially-processed 
after a line has been 
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SECTION C.9 The Color-Space Converter 

C.9.1 Overview 

oerfo' '°'°r'''"' - i" the present invention (CSC, 

performs a 3x3 ..trix multiplication on the incoming -.i 
data, followed by an addition: 



yo 




cOI c02 c03 




jrO 




c04 






c11 c12 c13 


X 






c14 


^v2 




.c12 c22 c23 




x2 


1 


c24 



Where xO-2 are the input data. yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
nanes correspond to signal names in the schematics. 

The CSC xs capable of performing conversions between a 
number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 



Ec. Eg Y, C^, Cg 



Y, C^, Cg -* R.C.B 



Where R, g and B are in the range (0..511) and all other 



# 

643 

quantities are in the range of (32.. 470). Since the input to the 
Top-Level Registers CSC is Y, Cr, Cb, only the third and fourth 
of these equations are of relevance. 

5 In the CSC design, the precision of the coefficients was 
chosen so that, for 9 bit data, all output values were within plus or 
minus 1 bit of the values produced by a full floating point 
sinnulation of the algorithm (this is the best accuracy that it is 
possible to achieve). This gave 13 bit twos-complement 
10 coefficients for cxO-cx3 and 14 bit twos-complement coefficients 
for cx4. The coefficients for all the design conversions are given 
below in both decimal and hex. 



Table 0.8.1 Coefficients for Various Conversions 





Er->Y 


R-> Y 


Y - > Er 


Y-> R 


Coeff 


Dec 


Hex 


Dec 


Hex 


Dec 


Hex 


Dec 


Hex 


c01 


0.299 


0132 


0.256 




1.0 


0400 


1.169 


04AD 


c02 


0.587 


0259 


0.502 




1.402 


059C 


1.639 


068E 


c03 


0.114 


0075 


0.098 




0.00 


0.00 


0.00 


0.00 


c04 


0.00 


0.00 


16 




-179.46 


F4C8 


-228.48 


F1B8 


c11 


0.5 


0200 


0.428 




1.0 


0400 


1.169 


04AD 


c12 


-0.42 


FE53 


-0.36 




-0.71 


FD25 


-0.84 


FCA9 


c13 


-0.08 


FFAD 


-0.07 




-0.34 


FEAO 


-0.40 


FE64 


c14 


128.0 


0800 


128 




135.5 


0878 


139.7 


08BA 


c21 


-0.17 


FF53 


-0.14 




1.0 


0400 


1.169 


04AD 


C22 


-0.33 


FEAD 


-0.28 




0.00 


0.00 


0.00 


0.00 


c23 


0.5 


0200 


0.427 




1.772 


0717 


2.071 


0849 


c24 


128 


0800 


128 




-226.82 


F1D2 


-283.84 


EE42 



All these numbers are calculated from the fundamental 
15 equation: 

Y = 0.299Er+0.587Eg+0.01 14Eb 
and the following color-difference equations: 



Cr=Er-Y 
Cb=Eb-Y 




644 



C 9 I vsllTtl °' ''^^^ quantities are considered 

C.9.2 Usxng the Color-Space Converter 

on reset, coi, cl2, and c23 are set to i and all oth. 
coefficients are set to o tk ^^'^ 
and all data .s passed through unaltered. To select ! 
color-space conversion, si.pi, .,,,e the appropriate 
coeff.cxents (fro. TaMe c.8.1, for example, into the 
locations specified in the address map 

Referring to the schematics, x0..2 correspond to 
xn_data0..2 and yo..2 correspond to out data0..2 Us.rl 
shou d rene..er that input data to the"csc must be up- 
sa.pied to 4:.:.. ,,,3 is not the case, not only .1 

the^co^lor-space transforms have no meaning, .ut the chip 

It Should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
niinus) a constant. Thus fo^ 

inus, for any given color-soace 
conversion, the order of ^-^ ^"lor space 

. ^ °^ ""^^ outputs can be changed by 

snapping the rows in the transform matrix (i.e Je 
addresses into which the coefficients are written) ' 

TabIe%T/' ^° all the transforms in 

Table c.8.1. If other transforms are used the user must 
remember the following: 

DThe hardware win not work if any intermediate result 
in the calculation requires greater than 10 bits of 
precision (excluding the sign bit). 

2)The output Of the CSC is saturated to 0 and 511. That 
xs, any number less than 0 is replaced with 0 and any 
number more than 51.1 is replaced with 511. The 
implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below 0. If Che CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 
saturate all (or most of) the time. 



645 

C.f«3 D««oriptioii of thm esc 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three components « have been shown 
because of space limitations. In the Figure, "register" or 
"R'' implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
with reference to the left-most "component" (that which 
produces output out_dataO) : 

1) Data arrives at inputs xO-2 (in_dataO-2) . This 
represents a single pixel in the input color-space. 
This is latched. 

2) xO is multiplied by cOl and latched into the first 
pipeline register, xl and x2 move on one register. 

3) xl is multiplied by c02, added to (xl.cOl) and latched 
into the next pipeline register. x2 moves on one 
register. 

4) x2 is multiplied by c03 and added to the result of 
(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04 . Since data is kept 
in carry-save format through the multipliers, this adder 
is also used to resolve the data from the multiplier 
chain. The result is latched in the next pipeline 
register, 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

. saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three parallel -and. identical datapaths 
one for each output. 

To achieve the reset state described in Section C 9 2 
each of the three "components" must be reset in a different 
way. In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it. 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r ^ 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding lo levels of data when 
stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION CIO Output Controller 
C. io .'X Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 
i,Q registers 

g adds a border around the video window, if 

il required 

i;3 c.10.2 Ports 

S-n Input two wire interface: 

• in_va 1 id 

•in accept 
ll •in_data [23 : 0] 

fU Output two wire interface: 

H •out^valid 

•out_accept 

•out_data [23:0] 

•out_active 

•out_window 

2 5 •out_comp( 1 : 0 ] 

in_ vsync, in_hsync 

nupdata[7:0] , upaddr[4;0), upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrsto, notrstl 

3 0 C. 10 . 3 Out Modes 

The format of the output is selected by" writing to the 
opnode register. 
C. 10. 3.1 Mode o 

This mode is 24-bit 4 : 4 : 4 RGB or YCrCb. Input data passes 
-5 directly to the output. 
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C.10.3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data [ 2 3 : l 6 ) 
is y, in_dataC15:8] is Cr and in_data[7:0] is Cb. 
C. 10 . 3 . 2 . 1 Mode 1 

In 16-bit YCrCb, Y is presented on out_data [ 15 : 8 ] . Cr 
and Cb are time multiplexed on out_data C 7 : o ] , cb first. 
Out_datar23 : 16] is not used. 
C.10.3.2. 2 Mode ? 

in 8-bit YCrCb, Y,Cr and Cb are time multiplexed on 
out_data[7:0] in the order Cb, Y. Cr, Y. Out_data [ 2 3 : 8 } is 
not used. 

C.io.3.3 Output Timing 

The following registers are used to place the data in a 
video display window. 

•vdelay - The number of hsync pulses following a vsync 
pulse before the first line of video or border, 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines. 

•width - The width of the video window, in pixels. 

•north, south - The height of the border, respectively, 

above and below the video window, in lines. 

•west, east - The width of the border, respectively, to 

the left and to the right of the video window, in pels. 

The minimum vdelay is zero. The first hsync is the first 
active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+i 
cycles . 

Any edge of the border can have the value zero. The 
color of the border is selected by writing to the registers 
border_r, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blank_r, blank_g and blank_b. Note that the multiplexing 
performed in output modes 1 and 2 will also affect the 
border and blank .components . That is, the values in these 
registers correspond with in_data { 2 3 : 16 ] , in_data[ 15 : 8 ] and 



in_data [7:0], 
C.to.4 Output Flags 

•out_active indicates that the output data is part of 

the active window, i.e., video data or border. 

• out_window indicates that the output data is part of 

the video window. 

•out_comp[i:0] indicates which color component is 
present on out_data[7:0) in output modes 1 and 2. in 
mode 1, o=Cb, i=Cr. In mode 2, 0=Y, i=Cr, 2-Cb. 
c.10.5 Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing i to the two wire register. It is not selected 
following reset. m two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
C.10.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
C.X0.7 How It Works 

Two identical down-counters keep track of the current 
position in the display. "Vcounf decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
Its terminal count. "Hcounf decrements on every pixel and 
loads on hsync or at its terminal count. Note that 
output mode 2, one pixel corresponds to two clock cycles 
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SECTION C.ll The Clock Dividers 

C.11,1 Overview 

Top-Level Registers in the present invention contain two 
Identical Clock Dividers, one to generate a PICTURE CLK and 
one to generate an AUDI0_CLK. The Clock Dividers are 
Identical and are controlled independently. Therefore 
only one need" be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 
addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided Clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -o to 
i;M 1= -16,000,000 and, therefore, it can be represented using 

24bits with the restriction that the minimum divisor be 16 
This IS because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. As the maximum clock frequency available is 
20 sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 8, else the 
divided Clock output will be driven to the positive power 
rail. 

25 C.ll. 2 Using a Clock Divider 

The address map for each Clock Divider consists of 4 
locations corresponding to three 8-bit divisor registers 
and one l-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
30 access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.io.i. The clock 
Divider is activated by sensing a synchronized o to i 
transition in its access bit. The first time a transition 
3= is sensed, the. Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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cTo.t7 : ° ""'^y the 

once /'. " " frecuency "cn-the-f ly . 

once act.va.ed, there is no way or halting the Clcc. 
Oivider other than by Chip RESET. 

Table c.io.l Clock Divider Registers 



Address 




00b 


Access brt 


otb 


dMsor MS6 


10b 


dfvisor 


lib 


dfVYSor LS8 



ill 



s 



10 



15 



20 



25 



Any divisor value in th«» r-ar,„= i^ ^ 
^3g^ " ''^"'5® 16 to 16, 777,216 may be 

c.11.3 Description of the clock Divider 

The Clock Divider is implemented as four 22 bit counters 
^hxch are cascaded such that as one counter carries, it 
will activate the next counter in turn. a counter will 
count down the value of divisor/, before carrying and 
therefore, each counter win take it, in turn, to generate 
a pulse Of the divided clock frequency 

an/r." reload with divisor/8 

and thxs xs counted down to produce the approximate equal 
^ark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be Changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
aifferenr ser of clocks. 

A state machine controls the generation of the divisor/4 
and dxvisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by diff erent ■ clocks dependent on the 
value Of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
the PLL. 

C.1X.4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
by sysclk. as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
If CHIPTEST is held High while the device is running in 
normal operation. 
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ru 



10 



SECTION C. 12 Address Maps 

>ss Map 



C. 12 . 1 



Top Level Addrej 

Notes ; - 

DThe register for the Top Level Address Map as set 
forth in Table c.ii.i are the names used during the 

design. They are not necessarily the names that will 

appear on the datasheet. 



2)Since this 



locations listed her 



is a full address map, many of t 



he 



e include locations for test only. 




Table c.ii.i 



Top-Level Registers A Top 



I-evel Address Mar 



ru 



a 

lU 




! 2UJT_;qEA0.CYCL = 



I ='-'-"T_.=irr.=s£SH,CYCL = 



i SL-,iT_.nAS_=ALLING 



I 



=UJT,CASiFALLING 



Cx02 



I P/W 



I 0x^3 ■ I 



! PAV 



03f34 



PAV 



0x35 



PAV 



1 3UJT^CCNPIG 


0t36 


1 ' 


aw 




9U-0C. ACCESS 


0x40 


1 ' 


j RAv- access 


r 
1 


1 SU.OC.MOOE 


0x41 


h 


( aw 


I 
1 


1 3U.OC.2\VlRE 


0x4? 


h 


1 RAV 


1 

i 


1 9U.OC.3OR0En.R 


0x49 


8 


1 RAV 


j 
1 


3t*_OC_90RDER.G | 


0x4a 


8 


1 RAV 





1 3U.0C.3GRDER B 


Or4b 


a RAV 


[ 3U.OC.3UVNK.R 


0«*<* I 8 1 R/W 


1 3U.OC.3U^NK,G ox4e 


a 1 RAV 


; 3u.oc_auxNK.9 


Ox4f 


8 1 RAV 


\ 3U,OC.H0£L>Y,i 


0x50 


3 1 RAV • 


j3U-OC.HOELAY.O 


0x51 


8 j RAV 


j 3U,OC,WEST_t 


0x52 1 3 1 RAV j 


1 3U.OC.WEST,0 


0x53 


8 1 RAV j 




3 1 RAV [ 


BU.OC.EAST.O 1 


8 1 RAV 1 


BU-OC.VvnOTH^t 


0x56 


3 1 RAV j 


BU.OC.WIOTH.O 1 0x57 


8 


RAV j 


BU.OC.VOELAY.I 


0x58 


3 


RAV 1 


3U.OC.VOEU^Y.O 1 


8 


RAV i 


9U.OC.NORTH_1 


0x5a 


3 


RAV 


3U.OC.NORTH.0 


Ox5b 8 


RAV 


3U.CC.SOUTH.1 1 Ox5c 3 1 RW 


3U.OC.SOUTH.0 1 o,5d 1 g 


PAV 


2U.OC.HC,GHT.t 1 Ox5e | 3 | RAV 

3U.OC.HC,GKT.O 1 0x5/ I 8 1 RAV \ 



Table C. 11.1 Top-Level Registers A Top 
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BU IF CONFIGURE 


0x60 


5 


RAA/ 


BU UV MODE 


0x61 


6 


R/W- xnnnxnnn 


BU COEFF KEYADDR 


0x62 


7 


RAN - See Table C.1 1 .3 for contents. 


BU COEFF KEYDATA 


0x63 


8 


BU GA ACCESS 


0x68 


1 


R/W 


BU_GA_BYPASS 


0x69 


1 


R/W 


BU GA RAMO ADDR 


0x6a 


8 


R/W 


BU GA RAMO DATA 


0x6b 


8 


R/W 


BU GA RAMI ADDR 


0x6c 


8 


R/W 


BU GA RAMI DATA 


0x6d 


8 


R/W 


BU GA RAM2 ADDR 


0x6e 


8 


R/W 


BU GA RAM2 DATA 


0x6f 


8 


R/W 


BU DIVA 3 


0x70 


1 


R/W 


BU DIVA 2 


0x71 


8 


R/W 


BU DIVA 1 


0x72 


8 


R/W 


BU DIVA 0 


0x73 


8 


R/W 


BU DIVP 3 


0x74 


1 


R/W 


BU DIVP 2 


0x75 


8 


R/W 


BU DIVP 1 


0x76 


8 


R/W 


BU DIVP 0 


0x77 


8 


R/W 


BU PAD CONFIG 1 


0x78 


7 


RW 


BU PAD CONFIG 0 


0x79 


8 


RAN 


BU PLL RESISTORS 


0x7a 


8 


RAN 


BU REF INTERVAL 


0x7b 


8 


RAN 


BU REVISION 


Oxff 


8 


RO- revision 


The following registers are in the "test space". 
They are unlikely to appear on the datasheet. 


BU BM PRES FLAG 


0x80 


1 


RAN 


BU BM EXP TR 


0x81 




These registers are missing on revA 


BU BM TR DELTA 


0x82 


** 


BU BM ARR IX 


0x83 


2 


RAN 


BU BM DSP IX 


0x84 


2 


RAN 


BU BM RDY IX 


0x85 


2 


RAN 


BU BM BSTATE3 


0x86 


2 


RAN 


BU_BM_BSTATE2 


0x87 


2 


RAN 
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KcGlSTcR NAMc 


A r>r>D coo 

ADDKcSo 


BITS 


COMIvIENTS 


BU BM BSTATE1 


0x88 


2 


RAN 


BU^BMJNDEX 


0x89 


2 


R/W 


BU_BM_STATE 


0x8a 


5 


Hm 


BU_BM_FROMPS 


Ox8b 


1 


RAN 


BU_BM_FROMFL 


0x8c 


1 


HAN 


BU_DA_COMP0_SNP3 


0x90 


8 


RAN - These are the three snoopers 


BU_DA_COMP0_SNP2 


0x91 


8 


on the display address generators 


BU_DA_COMP0_SNP1 


0x92 


8 


address output 


BU_DA_COMP0_SNP0 


0x93 


8 




BU_DA_COMP1_SNP3 


0x94 


8 




BU_DA_COMP 1 _SNP2 


0x95 


8 




BU_DA_COMP1_SNP1 


0x96 


8 




BU_DA_COMP1_SNP0 


0x97 


8 




BU„DA_COMP2_SNP3 


0x98 


8 




BU_DA_COMP2_SNP2 


0x99 


8 




BU_DA_COMP2_SNP1 


0x9a 


8 




BU_DA_COMP2_SNP0 


0X9b 


8 




BU_UV_RAM 1 A_ADDR_1 


OxaO 


8 


RAN - upi test access into the vertical 


BU_UV_RAM 1 A_ADDR_0 


Oxa1 


8 


upsamplers' RAMs 


BU_UV_RAM 1 A_DATA 


0xa2 


8 




BU_UV_RAM1 B_ADDR_1 


0xa4 


8 




BU_UV_RAM1 B_ADDR_0 


0xa5 


8 




BU_UV_RAM1 B_DATA 


0xa6 


8 




BU_UV_RAM2A_ADDR_1 


0xa8 


8 




BU_UV_RAM2A_ADDR_0 


0xa9 


8 




BU_UV_RAM2A_DATA 


Oxaa 


8 




BU_UV_RAM2B_ADDR_1 


Oxac 


8 




BU_UV_RAM2B_ADDR_0 


Oxad 


8 




BU_UV_RAM2B_DATA 


Oxae 


8 




BU_WA_ADDR_SNP1 


OxbO 


8 


RAN ' snooper on the write 


BU_WA_ADDR_SNPO 


Oxb1 


8 


address generator address 


BU_WA_ADDR_SNPO 


0xb2 


8 


o/p 


BU_WA_DATA_SNP1 


0xb4 


8 


RAN - snooper on data 


BU_WA_DATA_SNPO 


0xb5 


8 


output of WA 



Table C.11.1 Top-Level Registers A Top Level 
Address Map (contd) 



657 



Keyhole Register Name 


Keyhole 
Address 


Bits 


Comments 


BUJF_SNP0_1 


OxbS 


8 


R/W - Three snoopers on the dramif 
data outputs 


BU_IF_SNPO_0 


0xb9 


8 


BUJF_SNP1_1 


Oxba 


8 


BU_IF_SNP1_0 


Oxbb 


8 


BU_IF_SNP2_1 


Oxbc 


8 


BU_IF_SNP2_0 


Oxbd 


8 


BUJFRAM_ADDR_1 


OxcO 


1 


R/W - upi access it IF RAM 


BU_IFRAM_ADDR_0 


Oxc1 


8 


BU_IFRAM_DATA 


0xc2 


8 


BU_0C_SNP_3 


0xc4 


8 


R/W - snooper on output of chip 


BU_OC_SNP_2 


0xc5 


8 


BU_OC_SNP_1 


0xc6 


8 




BU_OC_SNP_0 


0xc7 


8 




BU_YAPLL_CONFIG 


0xc8 


8 


RAN 


BU_BM_FRONT_BYPASS 


Oxca 


1 


HAN 



Table C.11.1 Top-Level Registers A 
Top Level Address Map (contd) 



C.12.1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

1) AII registers in the address generator 

keyhole take up 4 bytes of address space regardless 

of their width. The missing addresses (0x00, 0x04 etc.) will 

always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole. 
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Table C.11.2 Top-Level Registers 
Address Generator Keyhole 



Keyhole Register Name 


Keyhole 
Address 


Bits 


Comments 


BU_DISPADDR_BUFFERO_BASE-MSB 


0x01 


2 


18 bit register Must be loaded 


BU_DISPADDR_BUFFERO_BASE_MID 


0x02 


8 




BU_DISPADDR_BUFFERO_BASE_LSB 


0x03 


8 




BU_DISPADDR_BUFFER1_BASE_MSB 


0x05 


2 


Must be Loaded 


BU_DISPADDR_BUFFER1_BASE_MID 


0x06 


8 




BU_DISPADDR_BUFFER1_BASE_LSB 


0x07 


8 




BU_DISPADDR_BUFFER2_BASE_MSB 


0x09 


2 


Must be Loaded 


BU_DISPADDR_BUFFER2_BASE_MI D 


OxOa 


8 




BU_DISPADDR_BUFFER2_BASE_LSB 


OxOb 


8 




BU_DLDPATH_LINEO_MSB 


OxOd 


2 


Test only 


BU_DLDPATH_LINEO_MID 


OxOe 


8 




BU_DLDPATH_LINEO_LSB 


OxOf 


8 




BU_DLDPATH_LINE1_MSB 


0x11 


2 


Test only 


BU_DLDPATH_LINE1_MID 


0x12 


8 




BU_DLDPATH_LI NE 1 _LSB 


0x13 


8 




BU_DLDPATH_LINE2_MSB 


0x15 


2 


Test only 


BU_DLDPATH_LINE2_MID 


0x16 


8 




BU_DLDPATH_LINE2_LSB 


0x17 


8 




BU_DLDPATH_VBCNTO_MSB 


0x19 


2 


Test only 


BU_DLDPATH_VBCNTO_MID 


0x1 a 


8 




BU_DLDPATH_VBCNTO_LSB 


0x1 b 


8 




BU_DLDPATH_VBCNT1_MSB 


0x1 d 


2 


Test only 


BU_DLDPATH_VBCNT1 _M 1 D 


0x1e 


8 




BU_DLDPATH_VBCNT1_LSB 


Oxif 


8 




BU_DLDPATH_VBCNT2_MSB 


0x21 


2 


Test only 


BU_DLDPATH_VBCNT2_MID 


0x22 


8 




BU_DLDPATH_VBCNT2_LSB 


0x23 


8 





659 



le C.11.2 Top-Level RegistersA 
Address Generator Keyhole 





1 

! Accress 


j 3.IS 


1 
t 

[ Cc-r-er.-^ 


; 3U.3lSPACC = .CCM?0,C?=3cT,MSB 




! 2 




: 5U.CiS?AGCrt,CCW?0,OFr5ET_MiO 


j 0x2S 


! 3 ! L=a=^ 


1 3U,CIS?AOCR.CCMP'0.OFr3cT.LS3 


1 0x27 






[ 3U_ClS?ACCR_CCMPt_0?=5cT.MSa 


! 0x29 


I 2 


j Must se 


: ='J.r:S?ACC.n_CCMP«_0P.= 3cT.MI0 


! ny^a 


! 3 


! Lracec 


1 5U_Ol5PACC=5.CCMP!,CPr3cT.LS3 


i 0x2b 


a 1 


: 2U_DiSPAOCP.CCMP2.0FF5=T_MS3 


1 ux^s 


2 


MUSI , 5 


1 3U_OiSPAOO"_CCMP2.0Fr5HT_MlO 


1 0x2€ 


3 


Lcaeed 


1 BU.O!SPACCf^.CCMP2_OFrScT_L33 

i • 


0]^f 


3 




; SU.OtSPAOCP-.COMPO V9S MS 3 


1 0«3i 


2 





I 3U OlSPACCR COMPO VBS ».ilO 
1 ~ - 


1 0,02 1 


8 


1 

i Loacec 


; 3U_3iSPAGC?^_COM?0.VBS.LSB 


1 0*33 ! 


3 




1 3U_OlSPAOO?^,CCMP 1 VBS MSB 


OxOS j 


2 




1 3U DISPADDR COMPI VSS Min 


0x36 1 


8 ■ 


Lsaded ; 


ClSPADCR COMPl VBS LSa 


0x37 1 


8 




1 oiSPACns rriMP? v/nc uca 

1 3 w _ Wi O w w ~ WVif' ^ ^ V 03 ^^rt^ O 


0*39 1 


2 


Mus: ce 

; 


' 3U QlSPAOOP f*OlUlP9 \/n«5 Min 


ox3a 1 


1 


Leaded ; 


; 3U OlSPADOfl COMP2 VBS LSB 


0*36 1 


3 


I 


1 3U ADCR CGMPO HBS MSB 


0x3d 


2 


Must oe 1 


3U_AOOR.COMPO.H9S. MID 


Ox3e 


8 


Loaded | 


BU AODR COMPO H9S LSB 


OxOf 


9 


i 


SU AOOR.COMPI HBS MSB 


0x4 1 1 


2 1 

1 


Musi 56 1 


3U AOOR.COMPI hSS MIO 1 


0i42 j 


3 


r 

Loaded ! 


3U.AD0R.COMPi.M9S.LSB 


Cx43 1 


9 




3U_AOOR.COMP2_MeS.MSB 


0x45 j 


2 


Must Sft j 


3U_AOOR.COMP2.M3S.MIO | 


0x46 i 


3 


Loaded 


3U_ADDR.CCMP2.H9S_LSB 


0x47 1 


8 




3U_0!S?A0DR.COMP0_HBS.MSB | 


0x49 


' 1 


Musi re 


3U_riS?AOCR.COMP0.HBS.MlO | 


3x4a 1 


9 1 


Lcaced 


9U_OISPACCR.CCMPO.HBS.LSB | 


Cx4D 1 


8 ! 




5U.DISPACCR.COM? t.MBS.MSB j 


Ox4d f 


2 ! 


Mus: ze 


SU.CISPAOCR.CCMP ! .MBS.MiO } 


0X4« j 


3 ! 


Loaded 


BU.CiSPAOOR.COMPi.MBS.LSB j 


Ox4f j 


8 j 
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Table C.ia.2 Top-Level RegistersA 
Address Generator Keyhole 



I 



Keyftcie P.e^rster Name 



3U_CrS?Arca.CCMP2_^53_MS3 



I 3U_3lS?ACORj:OMP2,.ws3_MtO 



3U_C!S?AOOR.COMP2,H9S,LS8 



Cx5l 



» 2 



i CxS2 



; 3 



0x53 



i 3 



BU.OlSPACCR.CNT_L£rro..MSS 



j 3U.ClS?ACO.R,CNT.Lc=T0,LS3 



0x55 



I 2 ! 



.es:crry 



1 — — » 




. 3 


t 


3U,0lS?A0CFI.CNT_Lr=Ti_MS3 


i 0x59 


; 2 


j *es: criy 


3U.C;iS?A00R_CNT_L==T 1 _MiO 


1 Oz5a 


i 3 


! i 


9U.0(SPACCfl.CNT_L£rr 1 .LSa 


1 Ox5b 


1 8 


1 ! 


3U_OiS?AOOR,CNT,L£=T2_MSa 


j CxSd 


1 2 


! Tes: cniy ' 


3U_OlSPAOOa_CNT_LEFT2.MlO 


0x5e 


; 3 


! 


1 SU_CiS?A0Cn_CNT_L£rT2.LSa 


1 0x5/ 


! 3 


1 


3U_OlS?A0CR.PAGc_AOOR0,MS3 


i 0x61 


1 2 


j Tos: -r.ty : 


1 BU.ClSPAOOR.PAGE.AOORO.MtO 


1 0x62 


i 3 


1 i 


3U^0lS?AD0R.PAGc.A00RC,LS3 


1 0x63 


i 3 


! ! 


3U,0ISPAC0R.PAGE_A0DR1_MS3 


0x65 


j 2 


i 'esizn.y : 


3U.0ISPA00R.PAGE.A00R1.MI0 


0x66 


i 3 


\ 


2U.OtSPACOR,PAGE_AO0Rl.LS3 


0x67 


! a 


! ' ; 


9U.0lS?A0OR.PAGe.AO0R2.MSB 


0x69 


i 2 


j T«s:on:y j 


au,0lSPA00R.PAGE.A00R2.MlD 


0x6a 


1 9 


i 


8U.OlSPA0OR_PAGe.AO0R2.LSa 


0x6b 


3 


i 


BU.OrSPAOOR.BLOCK.AOORO.wSB | 


0x6d 




Tes: tr:y 


9U.OISPAOOR,8LOCK.AOORO.MIO | 


0x5e 






9U,OrSPA0OR.8LOCK.A00R0.LSB | 
i — — . : 


0x6r 


I 3 1 




BU.OISPAOOR.BLOCK.AOOR t .MS3 | 


0x7! 


|2 1 


Test crty 


9U.OISPAOOR.3LOCK_AODR1_WIO 


0x72 


1 9 




3U.0lS?A00R_BLCX:K.AD0Rl.LSa | 


0x73 


is 1 




1 au_0lSPAC0R.3tOCK,A0OR2.MS9 | 


Cx7S 


' i 


Test ;r.:y 


1 3U.OIS?ACOR.BLOCK.ADOR2_MIO | 


0x76 


1' i 




I 3U_CIS?ACOR,9LOCK.AOOP2.LS3 | 


Cx77 


1 a ! 




j 3U_DiS?AOOR_3LOCKS.LE=T0.MS3 \ 


0x79 


1 2 ' 


Tes; y 


3U.OlS?AOOR_9tOCKS.LEr70.MiO - j 


Ox7a 


!a 1 




[ 3y--iSPAOCR.9LOCKS.L£rro.LS3 1 0x76 


is. i 
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le C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyftoie Se^ister Name 


Afloress 


i 


: t 

; 1 
t - - ' 

• i 


3u.riSrACca.2uccKS.L£rrt^MS3 


Oi7d 


! 2 


1 "9$: :.-.iy ; 


3U.0!S?AC0fl.3LOCKS.-,ErT i _MI0 


Oi7e 


1.3 


i 1 


j 5U_:}lS?A00fl_3UOCKS.L£m.LS3 


0x7f 


8 


1 ! 


9U_ClS?AOCa_3LOCKSJwSrT2_MS3 


0x81 


1 2 


1 Tes; any 


! 3U,riS=ACO.R_3LOCKS.L£~2.MiO 


0x32 


a 




j 3U_C:S?ACCfl_3LOCKS,L=?T2_LS3 


0x83 


i 3 


1 


j 3U_v/ACOR_3UPrrn0.3AS£.M53 


0x85 


2 


Must r« 1 


3U.V/ACOR,3UrrcS0.3ASc.MlO 


0x86 


8 


Loa<^ed \ 


3U_WA0DR.3U?F=30.9ASS_L5B 


0x67 


8 


1 
1 


1 3U,WAC0R.3UFF=3l.3AS=_MS3 


0x89 




Must 3e 1 


I 3U.wACOR_3UrrERl_3ASE,MlO 


0x8a 






j 3L:_.VAuCR.3UrrERl_3AS=_LSa 


0x80 


a 


■ 


5U.WAC0R_9UFrER2_3ASc,MS3 


0x8d 




Mus: 1 


3U_vvA00R.3UFFrPi.9ASe.MtO 


0x8e 


8 


Lcaced j 


3UJ/VA0CR.3UFFSR2.3ASEJ.S3 


Oxer 




! 


3U.WA00R.COMP0_MM8A0DR.MSa 


0x91 




Tesi cniy j 
1 


S'J.WAODR.COMPO.MMBAOOR.MIO 


0x92 


6 


I 
1 


3U_WAC0R.COMP0_MM8AD0R.LSB 


0x93 






3U.WA00R_COMP 1 .MMBAOOR.MSB 


0x95 


2 


Tes: oniy j 


3U.WA00R.COMP 1 .HMBAOOfl.MiD 


0x96 


8 


1 
1 


BU.WAOOR.COMP 1 .HMBAOOR.LSB 


0x97 


8 


! 


9U.WA00R.COMP2.HMBAD0R.MS9 


0x99 


^ 


Tes; cr.iy 


3U.WACOR.COMP2.MMBAOOR.MIO 


Ox9a 


9 


i 


! 9U.WA0DR.COMP2.MM8A00R_LSB 


0x9b 




1 


9U.WAD0R.COMP0.VMBA00R.MSB 


0x9d 




Tesi only | 


9U.WACDR.CCMP0.VMBA00R.MI0 


0x9« 






3U.WA00R_COMP0.VM8A0ORJ,Sa 


oxsr 




i 


. 3U_WAC0R.C0MP1.VMBA00R.MSB 


Oxat 




Tes; cr:y 


1 — ^— — 

j BU.WACDR.CCMPi.VMBAOOR.MlO 


0xa2 






5U.WAC0R.COMP 1 .VMBA00R.LS3 


0xa3 






j 3U_WA0CR.COMP2.VMBA00R.MS3 


Oxas 




Tes: criy 


i 3U.VMOOR_COMP2.VMBAOOR.MIO 


Oxa6 






1 3U,WaoCR.COMP2_VM6AOOR.LSB 


1 Oxa7 
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Table C.11,2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote flegrster Name 


Keynoie 

- AdtJfftSS 


1 

j Bits 


i 

CofT.mera i 


3U_WA0Cn.VBACCR_MSB 


j 0>a9 


1 ^ 


j "^est cr.iy r 


3U,waO0R,v9a0OR_mio 




i a 


i » 
1 j 


3U WADCR VBADOfl ' 53 




1 a 
! ^ 






1 Ozao 


1 2 


Must 6e j 




Oxae 


! 8 


1 ! 
! Loaded 


!3U.WAUurt_UwMPu_MALr_WiUTH_^IN__^SLOCK5.LS3 


Ozaf 


1 a 

! 8 




9U_WA003_COMP 1 .HALF^WIOTH_IN_3LOCKS.MS8 


Ozbi 


1 2 


Must re \ 


3U.WA00fl.COMPl_HALF.WI0THJN_BLOCKS.MI0 


Oz&2 


1 8 


j 

Loaded • 


SU.WAODfl.COMP 1 _H ALF.WI0TH_IN_BLOCKS_LS8 


0x63 


1 

1 3 


i 


3U_WACDR.COMP2.HALF.WIOTHJN.3LOCKS.MS8 


0x65 


i 2 


Mus: =e ' 

i 


3U_WA00n_C0MP2.HALF.WIDTHJN.BLOCKS_Mr0 


0x66 


1 3 


Leaded : 


3U_WAOOR_COMP2_HALF.WIOTHJN.9LOCKS.LSB 


0x67 


! 3 




3U.WAOOR_Ha_MS8 


0x69 


1 2 


Test only | 


3U.WA00R_HB_MI0 


Oxoa 


8 


1 
1 


3U.WAOOR_HB.LSB 


0x66 


1 8- 


i 


9 U . W A 0 0 fl.COM PO.O F F S ET.MS B 


Ox&e 


1 2 


MuS! De ! 


3U.WAO0fl.COMP0.OFFSET.MlO 


0x6e 


1 8 


Loaded j 


9U.WAD0fl_COMP0.OFFS6T.LSB 


0x6f 






3U.WA00fl.COMP1.OFFSCT.MSB 


Ozcl 


2 


Must oe \ 

1 


8U_WAOOfl_COMPl.OFFSET.MlO 


Oxc2 




Loaded | 


BU.WAOOR.COMP1_OFFSET_LSB | 


0xc3 


- 


1 


BU.WA00fl.C0MP2.0FFSET.MSB 


Oxc5 


2 


Mus: ee j 


3U,WAOOfl_COMP2.0FFSrr.MlO 


Oxc6 




Loaded j 


SU.WA00fl.C0MP2,0FFSrr_LSB 1 


Oxc7 


a 


i 


■3U.WA00fl_SCnATCH.MS6 


Oxc9 


2 


Test only 




3U_WA00fl.SCflATCH.MI0 


Oxca 








3U.WA00fl.SCRATCH.LSB | 


0xc6 


8 ! 


1 


SU.WAOOfl.MBS.WlOE.MSB 1 


Oxcd 


2 


Mus: oe 


3U_WA00fl_MBS.wl0E.Ml0 1 


Oxce 




Lcaoed 


3U.WACOfl.M8S.wlOE.LSB 


Oxcl 


8 1 




! SU.WAOOfl.MBS.HlGH.MSa 1 Oxai 


2 i 


Must re 


i 3U.WA00fl.MBS_HrGH.Ml0 j 


Oxe2 1 


8 1 


Loaded 


3U.WAC0R.MaS_HlGH_LS8 | 


0xd3 


8 
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Table C.11.2 Top-Level RegistersA 





Address Generator Keyhole 




Keynote Re^isier Na.-ne 


Keyr.ole 
! OxdS 


3it5 


Ccrrr-er.-j ! 
1 VLs::e 


1 3U.VMCCa.COMPO.LAST.MS,IN_qCW.MlO 


1 0xd6 






{ 3U.VMCCR.CCMP0.LAST..V18JN.RCW_LS3 


Oxd7 




8 


1 : 


1 3U_WACCP.CCMP1.L>S7,M9JN.RCW^MS8 


0xd9 




2 


1 Mcs:-e 




1 3U.WA00R,C0MP t .L>ST_M8 JN.RCW_MIO 


Ozda 


8 






2U.VVACCR_CC.VlPt_L^ST..Vi8_iN_ROW.LSB 
J • 1 1 


Ozdb 




8 


1 i 




3U.WACCR.CCMP2_LAST.MBJN_R0W.MS3 


1 Ozdd 




2 






8U.WAOOR,CCM?2.L>ST.MBJN.ROW.WIO 


Oxde 




8 


Lsarec | 




SU.WA0OR.CCMP2_L>ST.MB.tN.RCW_LS8 


Oxdf 




8 






au,WACCR_CCMP0_Lj*ST_M9.'N_HALF,ROW_MSB 


0x6 1 




2 


! Mus:re 




SU.WAOOR.CCMPO,UVST_MBjN.HALF.ROW,MtO 


0xe2 




8 


Lcace^ 




3U,WACOR,CCM?0_!JIST.M8.IN.HAL^_ROW_LSB 


0xc3 


8 




3U.WA00R.COMPl_U\ST_M8jN,HALf.ROW_MSB 


OxaS 


2 


Must 5e 




3U.WADDR_COMP1,LAST_MB_IN,HALF.ROW.MIO 


0xe6 


8 


i 

Loaded 




3U_WA00R_COMP!_UVST.M8.IN.HALF.ROW_USS 


0x«7 








3U_WAuCR.CCMP2.LAST.Ma_IN_HALF.ROW.MSa 


0xe9 


2 


Mus;5e 


1 3U.WACOR_COMP2.mST.MBjN_HALf_ROW MIO 

1 ' — • 1 


Oxe« 


8 


Loaded \ 


I BU_WAOOR.COMP2_LAST_M8.IN.HALF HOW LSB 

) — 1 I 


Oxab 


» i 


i 




3U.WAC0R.COMP0.LAST.ROW_IN_M8.MS8 


Oxed 


^ 1 


Mus; De ! 




eU.WAODR.COMPO.LAST.ROW.IN.MB.MlO 


OXM 


" 1 


Loaded j 




8U.WA00R,COMP0.UlST_ROW.!N.M8.LSa 


Oxef 


8 1 




au.WACOR.COMPl.UkST.ROWJN.MB.MSB 


Chrtl 


2 


1 


Mus; re 




BU.WADCR.COMPl,LAST,ROW.rN.MB.MlO 


Oxf2 


8 


Loaded ■ 

t 




8U.WAD0R.C0MP 1 .LAST.ROW.IN.MB.LSB 


Oxf3 


8 






3U.WADOR,COMP2.LAST.ROW_IN_MB,MSB 


OxfS 1 


2 




Mus; re ! 




3U.WAOOR.COMP2,UVST_ROWJN,MB.MrO 


OxIS 


8 


1 

r 


Leased 




3U.WACCR.COMP2.LAST.ROW.lN,MB_LS3 | 


Oxf7 


8 


i 




1 3U.WA0CR_COMP0_9LCCKS.?SR_M6.ROW.MSB | 


0xt9 


2 


1 
1 


Mus: re 


j 3».'.WAC0R.CCMP0.BLOCKS.PcR.M8.ROW_M(0 | 


Ozfa 


8 


1 Lsaces 


1 9U.WA0DR.COMP0.3LCXKS,PER.MB.SOW_LSB | 


Oxtb 


8 


1 




! 3U.VVACOR.COMP1.9LOCKS.PER.M8.ROW.MSB 


Ozfd 


2 


j Musi re 


j 3U.WAC2R.CCMP1.3LOCKS.PER.M8,ROW_MIO | 


Oxtt 


8 


1 Loaoec 


1 3U.v/ACCR,C0MP 1 .BLOCKS .P5R.M8.ROW.LS9 


otrf 1 


8 


1 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyncte flegisrer Name 



*<«yno(e 
"Acsf ess 



I 



3U.WACCff.CCM?2,5LCCKS.?ga.VB.nOW,M5a 



; 3uj'VAccp.coMP2.3LOCKS.p£.q.M3,Row.Mio I o,;Q g 



3U,VMrCR_CCMP2_9LOCKS,P£;q.M9_RCw.uS3 



Oil 03 



I 2U.WACOa.CCMP0,U*ST.M8.RCW,MS3 



i 3'JJ.VACOR,COMPO,LAST.M8,SCw.viiO 



OxtOS 



Ox ICS 



2 I Mus;:e 
3 



Loacec 



( Oii07 j 8 ! 



3L'.WACCn_COMPi_LAST_M8.ROW,MSS 



3U.v;ACuR_COMPl.uvST_M8.ROw^MrO 



3U_WA0C.q.COMP 1 _UVST.M8.ROW,LS8 



CziC9 



CxiOa 



I Wus::- 
I Loaceo 



i 0x106 



3U_VVAC:Cfl.COMP2_LAST.M8,ROW.MS3 



3U.WACCR.CCMP2_UVST.M8.ROW.MI0 



3i;.WACCR_CCMP2.UVST_Me_RCW,LSa 



3U_WAOCR_COMP0_HaS_MSB 



3L'.vVAOCR.COMPO,HaS_M10 



i SU.VVACOR.COMPO.HBS.LSB 



0x10(5 



I 2 



OxlCe j 3 



( Mus;re 



0x1 or 



I 0*"' I 2 j Wus:re 



I 0x112 I 3 



I 0x113 I 8 j 



! L=ace^3 



3U.»VAC0R_COMPl_HBS MSB 



3U.WAOCfl.COMPi,HBS.MlO 



BU.WACCR_C0MP1_HBS_LSB 



I 0x116 



Loader; 



0x117 



3'J.WACCR_COMP2.HBS.MSB 



! 



3J_WAOOR.COMP2_HBS.MIO 



3U_WA00fl.C0MP2_HBS_LS8 



0x119 



Ox It a 



Ox lib 



I 6 



Must 
'-oadfrd 



I 



SU.WAOOR.COMPO.MAXHB 



BU.WACOR.COMPI.MAXHB 



I 3U.WA00fl.COMP2.MAXH8 



OxiU 



0x123 



j Mus; se 
' Lsaoec 



j 0x127 



3'J.WACOR.COMP0.MAXV8 



I 



3U.WACOR.COMP1_MAXVB 



3U.WACOR.COMP2.MAXV3 



Cxl2d 



I 0x12' I 2 



Musi re 
Lcaaeo 



! Cx1j3 



I 2 



C.12.3 Horizontal Upsampler and Color Space Converter 
Keyhole- • 
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Table c.11.3 H-Upsampiers a„a cspace Keyhole 



u 

m 

I'll 



i,=s, 

ru 



Keynoie P.e^tntf 








^s/arre 


Address 


Bits 


Commenc 


o v^w *0w^ 1 


1 0x0 


h 


1 r^VNv. Coert 0.0 


qm ijmo Ann n 


Ox 1 


« 1 


SU^UHO.AOt.l 


1 0x2 


5 


'^"* ktfOCn 0, 1 




0x3 


1 8 




3U.UHO.A02.t 


0x4 


5 


rvy^- L.O€n 0.2 


8U_UH0.AC2.0 


0x5 


8 




3U.UH0.403.1 


Cx6 


1 c 


*VW. Coeff 0.0 


3U.UHO.A03.0 


0x7 


8 




8U.UH0,A10_1 


0x8 


5 


fVW. Coeff 1.0 


BU.UHO.AIO.O 


0x9 


8 




8U.UM0,A1!_1 


Oxa 


5 


RAV. Coeff t.i 


BU.UHO.AIt.O 


0x0 


o 




BU_UH0.A12^1 


Oxc 


5 


BAV- Coeff 1.2 


8U_UH0.A12,0 1 


Oxd 


8 




au,UH0_A13_1 1 


Ox» 




RAV- Coeff 1.3 


BU.UHO_A13_0 


Oxf 


a 
0 




eU_UH0_A20.1 j 


0x10 


e 

9 


RAV- Coeff 2.0 


8U,UM0_A20.0 1 


0x11 


8 




BU_UH0.A21_1 


0x12 


c 
3 


RAV- Coeff 2. 1 


BU.UHO_A21_0 


0x13 


9 




BU_UH0_A22.t 1 


0X14 


5 


RAV- Coeff 2^ 


8U_UH0.A22_0 1 


0x15 


8 




BU.UH0.A23,1 1 


0x15 


5 


RAV. Coeff 2.3 


BU.UHO_A23.0 


0x17 


8 




BU.UHO.MOOE 1 


0x18 


2 


RAV 


BU.UH1_A00_1 1 


0x20 


S 


RAV. Coeff 0.0 


8U.UM1.A00.0 1 


0x21 


8 




3U.UMl.A0l.t j 


0x22 


5 


RAV. Coeff 0.1 


8U.UH1.A01.0 


0x23 


a 




3U.UH1_A02.1 


0x24 


5 


RAV. Coeff 0.2 


SU.UHI^AOS.O 1 Cx25 


a 




3U.UHi.A03,t 1 OtfS 


s 


RAV- Coeff 0.0 


BU.UM1.A03.0 0x27 


8 





Address Map 



m 
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Table C.11.3 H-Upsamplers and Cspace Keyhole Address Map 



1 <eyrc'* .^egis;er 

1 

1 


Keyhole 
Address 


1 
1 

1 3>LS 

1 


1 

1 Ccrrrrent 

1, ! 




1 0x23 


h 


=/.V. Ccert 1.0 : 




1 0t29 


8 


! 




1 Cx2a 


S 


R/V/. Coeff t . : ; 

1 


SU.UHi.Ait.O 


0x25 


8 


^ ! 


2'J.UH!_A12.1 


1 Ox2c 


S 


aw. Cseff : .2 \ 


= U.'-H-_a:2^0 


1 Cx2d 


8 




j 3L'_JHI_A!3.1 


0x2e 


5 


av/. coeft t.3 i 


3U.*JH1.A13_0 


Qt2t 


8 


i 
1 


3U_'JHl.A20,l 


03C30 


S 


RAV. Coeff 2.0 i 


3U,UH1 _A20.0 


0x31 


6 


j 


BU_UHl_A2l_l 


0*32 


5 


R/%v. C0€ff2.! j 


3UJJHt_A2l,0 


0x33 


8 




9U,UHi_A22.t 


0x34 


5 


fVW- Coeff 2.2 1 


9U.UH1,A22.0 


0x35 


8 




3U.UHt_A23.1 


0x36 


5 


FVW. Coeff 2.3 1 


3U.UH1,A23.0 


0x37 


6 


i 
t 


SU.UMl.MOOE 


0x38 


2 


fV/V ] 


8U_UH2>00,t 


0x40 


5 


aw- Coeff 0.0 




au_UH2,A00.0 


0x41 


8 






aU_UH2.A01.l 


0x42 


S 


aw- Coeff 0.1 j 


3U.UH2.AOt.O 


0x43 


8 


1 


BU_UM2_A02_t 


Ox^ 


S 


aw. Coeff C.2 




BU.UH2.A02.0 


0x45 


8 






3U.UM2.A03.1 1 


0x46 


S 


aw. Coeff 0,0 j 


9U_UH2.A03_0 


0x47 


6 


1 


BU.UM2_A10,1 1 


0x46 


5 


a-W. CoefT 1.0 




3U_UH2.AI0.0 1 


0x49 I 


6 






3U_UH2.An.1 j 


Gx4a 


5 


aw- Coeft 1.1 j 


aU_Urr2.An.O 1 


0X40 


6 


j 


3U.*JH2.A12_I 1 


Ox4c j 


S 


aw. Cceffi,2 j 


a'J.JH.2.At2.0 I 


Cx4<J 


8 




3UJJH2_A13.1 1 


Cx4e j 


5 


a-^v. Coeft 1.3 : 


BU.'JM2.A13.0 1 


Cx4f 1 


8 


i 
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Table CXI. 3 H-Upsa.plers and Cspace Keyhole Address Map 



"■■■4 



f3 

m 

p 



Keyrole Pe^ister 


Keynote 
j Aacrass 


3>tS 


1 , 

( Comment 
1 


i 


3U.UH2.A20_! 


1 CiSO 


1 5 


1 =/'V. Coeff 2. 




( 

1 


1 3U.UH2_A20,0 


1 OzSt 


S 


! 


i 




I 0x52 


5 


1 P/.v. Coeff 2. 1 


I 


3U_UH2,A2t_0 


1 0x53 


3 


1 


1 
1 


3U.UH2.A22_i 




S 


1 Coeff 2.2 


1 
1 


3U.UH2_A22.0 


0x53 


a 


• 
t 


i 


3U.UH2.A23.I 


1 0x55 


5 


1 ?AV. Coeff 2,3 


\ 


3U_UH2_A23_0 


j 0x57 


a 
9 


1 




3U,UH2_MOOc 


1 0x58 


y 


1 PAV 


i 


BU CS AOO 1 




5 






0U.CS_ACO_O 


1 0x6 1 


a 
0 




1 


3U CS AlO 1 




5 




I 
( 


3U.CS.A10 0 




a 
0 


I 


1 


9U CS A3{5 1 


i n«e^ 

1 UXt>4 


5 


( PAV 




aU CS A20 0 


1 OvA^ 

1 V» XQ3 


a 
9 






SU CS 90 1 


1 

1 UXDO 


6 


P/,V 


t 


SU.CS.BO.O 


1 Oitil 
1 w*0/ 


a 
9 


1 


» 
1 
) 


BU.CS.AOt ! 




e 
3 




1 
t 
1 


BU.CS.AOt.O 


0x69 


a 
o 




! 


8U.CS.A11.1 


QxfiA i 




P/W 


1 


BU.CS.Atl.O 


0x6b 


a 




1 


BU.CS_A21.I 


uxoc j 




av/ 


1 


BU_CS_A21.0 


0x6d 






1 


BU CS Si t 1 






PAV 


! 


8U.CS.B1.0 1 


0x6r 1 


8 




i 


au,cs.A02.i 


0x70 


S 


rvW 




3U.CS.A02,0 1 


0x71 


8 






BU.CS.A12.1 


0x72 j 


5 1 


P.-V/ 


1 


3U_CS.AI2.0 


0x73 j 


8 1 






3U.CS_A22_1 


0x74 1 


S ! 


P/W 




3U.CS,A22,0 1 


0x75 I 


8 i 






SU.CS.32.1 1 


0x76 1 


' i 


PyW 1 




3U.CS.32,0 


0x77 j 


s 1 
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SECTION C.13 Picture Size Parameters 
C,l3.i Introduction 

The following stylized code fragn>ents illustrate the 
processing necessary to respond to picture size interrupts 
from the write address generator." Note that the pictur- 
size parameters can be changed "on-the-f ly" by sending 
combinations of HORI20NTAL_MBS , VERTICAL_MBS , and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 
arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be mor- 
efficient to detect the arrival of all of the events before 
performing any calculations. 

It is possible to write specific values into the picture 
size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

C.13.2 interrupt Processing for Picture size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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if (hmbs.event) 

load(mbs_wi<Je); 
else if (vmbs_event) 

load(mbs_high); 
else if (def_sampO_event) 
{ 

load (maxhb[0]): 
load (maxvb[0]); 

} 

else if {def_sannp1_event) 
{ 

load (nnaxhb[1]): 
load (maxvb[l]): 

} 

else if (def_samp2_event) 
{ 

load (maxhb[2]); 
load (maxvb[2]); 

> 

In addition, the following calculations are necessary to retain consistent 
picture size parameters: 

if (hmbs_event 1 1 vmbs_event 1 1 

def_sampO_event 1 1 def_sampl_event 1 1 def_samp2_event) 

{ 

for (i=0; i<max_component; i++) 
{ 

hbs[i] = addr_hbs[i] = (maxhb(i] +1) * nnbs_wide: 
hatf_widthJn_blocks[i] = ((maxhb[i] +1) • mbs_wlde)/2; 
last_mbJn_row[i] = hbs[i] - {maxhb[i] +1); 
last_mbJn_haIf_row[il = half_widthJn_btocks[iI - 
(maxhb(il+1): 
last_rowJn_mb[l] = hbs[i] »< maxvb[il; 
blocks_per_mb_row[i] = last_rowJn_mb[i] + hbs[i]; 
last_mb_row[i] = blocks_per_mb_rowti] * {nnbs_high-1); 

) 



m 
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Although it is not strictly necessary to modify che 
dxspaddr register values (such as the display window size) 
in response to picture size interrupts, this .ay be 
desirable depending on the application requirements. 
C.13.3 Register Values for sir Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C. 13. 3.1 Primary Values 



5U.WADCR.MBS.WI0E = 0x16 
;^ 5U.WA00R_MBS.HIGH =r 0x12 

=--WAOOR_COMP0_MAXHB = 0x01 

O 

fr\ ='-^-WADDR_COMPl_MAXHB = 0x00 

^ SU.WAD0R_COMP2.MAXHB = 0x00 

H 2'J_WAOOR.COMP0_MAXVB = 0x01 

3U_WAOOR.COMP1_MAXVB = 0x00 
i;U BU.WAD0R^C0MP2 MAXVB = 0x00 

l;3 



10 



C^l3.3.2 secondary Values - After Calculation 

3U_WADDR_COMP0_HBS = 0x2C 
8U.WA00R_C0MP1_HBS = 0x16 
3U_WADOR.COMP2.H3S = 0x16 
BU.ADOR.COMPO.HBS = 0x2C 
BU.ADDR.COMPl.HBS = 0x16 
3U_AO0R_COMP2_H3S = 0x16 

3U_WADDR_COMP0,HALF.WI0THJN.3LOCKS = Cx:5 
3U_WADDR_COMP1_HALF_WIOTHJN_8LOCKS = CxC3 
BU.WAD0R_COMP2_HALF_WI0TH_IN_BLOCKS = 0x03 
BU.WADDR.COMPO.LAST.MB.IN.ROW = 0x2A 
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BU.WADDR_COMPl_LAST_MBJN_ROW = 0x15 
BU_WAD0R_COMP2.LAST_MB.IN.ROW s 0x15 
BU.WADDR.COMPO.LAST.MBJN.HALF.ROW = 0x14 
BU_WADDR.COMP1_LAST_MB.IN.KALF_ROW = OxOA 
BU_WADDR_COMP2_LAST.MB.IN_HALF.ROW r= OxOA 
BU_WAODR.COMP0.LAST_ROW.IN_MB = 0x2C 
BU_WAODR.COMPl.U\ST.ROW_IN_MB = 0x0 
BU_WADDR_COMP2_LAST_ROW_IN.MB = 0x0 
8U.WADDR_COMP0_BLOCKS_PER_MB_ROW = 0x58 
BU_WADDR.COMPl_BLOCKS_PER_MB.ROW = 0x16 
BU_WADDR_COMP2_BLOCKS_PER_MB_ROW = 0x16 
BU_WAD0R_COMP0_LAST_MB_ROW = 0x5D8 
BU_WADDR.COMPl_LAST_MB_ROW 0x176 
BU_WADDR_COMP2_LAST_MB_ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 



1 



10 

C3 



m 
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The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
selected stages in the pipeline for control data and/or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline are 
'""I afforded enhanced flexibility in configuration and 

processing. In accordance with the invention, the 
□ 15 processing stages may be configurable in response to 

recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
« input and generates and/ or converts the tokens* 

^ The present invention also relates to an improved 

U 20 pipeline system having a spatial decoder system for video 

f3 data including a Huffman decoder, an index to data and an 

arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 
25 being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 
3 0 token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
35 standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage. 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
5 receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
10 clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline, 
^g. The improved pipeline system may also include a fixed 

size, fixed width buffer, and means for padding the buffer 
i2: to pass an arbitrary number of bits through the buffer. 

C3 15 The present invention also relates to a data stream 

J:;'] including run length code, and an inverse modeller means 

j/" active upon the data stream from a token for expanding out 

the run level code to a run of zero data followed by a 
-•-^ level, whereby each token is expressed with a specified 

ry 2 0 number of values. The invention also includes an inverse 

^=3 modeller stage, an inverse discrete cosine transform 

stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
25 processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.2 61, JPEG or MPEG standards, 
30 the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
3 5 words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
5 Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
10 number. 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
15 Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
L recognizing certain of the tokens as control tokens 

O pertinent to that stage and for passing unrecognized 

Jiy 2 0 control tokens along the pipeline. Reconfiguration 

□ processing circuits are positioned in selected stages and 

l*"^ are responsive to a recognized control token for 

reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
25 circuitry and processing techniques are disclosed for 
implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
3 0 departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 
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